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Appendix A 
Soil Sampling Procedures for Analysis of Volatile Organic Compounds (VOCs) 
 
I. Introduction 
 
This standard operating procedure (SOP) describes the field sampling procedures to collect soil samples for the 
analysis of volatile organic compounds (VOCs).  Soil samples will be collected in a manner that will minimize the 
loss of VOCs through volatilization and biodegradation.  This SOP presents the procedures to collect soil and 
sediment samples for low-level (sample concentrations less than 200 Fg/Kg, wet weight) and high-level (sample 
concentrations greater than 200 Fg/Kg, wet weight) VOC analyses using field preservation techniques, the 
procedures to collect soil and sediment samples without field preservation, and the procedures for collection of soil 
and sediment samples using EnCoreJ, SoilCoreJ, or equivalent samplers.  In order to minimize the handling of 
preservatives (i.e., sodium bisulfate or methanol) in the field, the preferred sample collection method for VOC 
analysis will employ the EnCoreJ, SoilCoreJ, or equivalent methods.  The soil collection procedure to be utilized 
at each area will be presented in the project-specific work plan. 
 
II. Materials 
 
The following materials, as required, shall be available during soil sampling: 
 

• Health and safety equipment (as required in the Health and Safety Plan); 
• Photoionization detector (PID); 
• Modified 10 - 30 mL plastic syringe; 

1. Cut off the injection tip, 
2. Depending upon the construction of the syringe, cut small air vents into the plunger or remove the 

rubber tip and retaining post. 
• Stainless steel spatula; 
• EnCoreJ Sampler T-Handle; 
• Resealable-type bags; 
• Handiwipes or lint-free paper towels; 
• Field notebook; 
• Appropriate sample containers depending upon specific methodology (4-oz glass jar with Teflon-lined cap, 

pre-preserved 40 mL vial with septum seal, EnCoreJ, SoilCoreJ, or equivalent Sampler); and 
• Appropriate transport containers (coolers) with water ice and appropriate labeling, packing, and shipping 

materials. 
 
III. Field Sampling 
 
Option 1 -  Collection of Unpreserved Sample 
 

Step 1  - Soil samples are collected directly from the split-spoon using a stainless steel decontaminated spatula. 
 

Step 2  - Samples are collected in 4-oz (120 mL) wide-mouth glass jars with Teflon-lined screw caps. 
 
Step 3  - Wipe the threads of the sample jar with a handiwipe or lint-free paper towel, to ensure an adequate seal. 
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Step 4  - Place sample containers in a transportation cooler on ice immediately after collection.  Package and 
label the sample containers following the procedures specified in Appendix L. 

 
Option 2A  -  EnCoreJ Sampler 
 

Step 1  - Place EnCoreJ sample container into the EnCoreJ T-handle. 
 

Step 2  - Collect soil sample by pressing the EnCoreJ sample container into the soil to be collected. 
 

Step 3  - Wipe the outside of the EnCoreJ sample container with a handiwipe or lint-free paper towel to ensure 
an adequate seal. 

 
Step 4  - Using the T-handle, cap and lock the EnCoreJ Sampler for shipment. 

 
Step 5  - If low-level VOC analysis is to be performed, repeat Steps 1 through 3 two additional times to collect a 

total of 3 samples (high-level VOC analysis only requires 1 EnCoreJ Sampler). 
 

Step 6  - Collect additional soil in a 4-oz (120 mL) jar for percent moisture determination. 
 

Step 7  - Place sample container in a transportation cooler on ice immediately after collection.  Package and label 
the sample container following the procedures in Appendix L. 

 
Option 2B  -  SoilCoreJ Sampler 
 

Step 1  - Collect soil sample by pressing the SoilCoreJ sample container into the soil to be collected.  A 
decontaminated stainless steel spatula may be used to assist this procedure. 

 
Step 2  - Wipe the outside of the SoilCoreJ sample container with a handiwipe or lint-free paper towel to ensure 

an adequate seal. 
 

Step 3  - Cap the filled end of the SoilCoreJ sample container. 
 
Step 4  - Fill the opposite side of the SoilCoreJ sample container by pushing the empty side of the SoilCoreJ 

into the soil to be collected.  A decontaminated stainless steel spatula may be used to assist this 
procedure. 

 
Step 5  - Wipe the outside of the SoilCoreJ sample container with a handiwipe or lint-free paper towel to ensure 

an adequate seal. 
 

Step 6  - Cap the filled end of the SoilCoreJ sample container. 
 

Step 7  - Place the locking strap around both endcaps and pull the strap tight to secure endcaps.  Check the 
position of endcaps after tightening to verify that the SoilCoreJ container is properly sealed. 

 
Step 8  - Collect additional soil in a 4-oz (120 mL) jar for percent moisture determination. 
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Step 9  - Place sample container in a transportation cooler on ice immediately after collection.  Package and label 
the sample container following the procedures in Appendix L. 

 
Option 3  -  Field Preservation 
 

Step 1 - Order the appropriate number of pre-preserved sample containers (sodium bisulfate and/or methanol) 
from the laboratory.  Instruct the laboratory to supply the sample container (with preservative) tare 
weights with the bottle order. 

 
Step 2 - Prior to sample collection, weigh each sample container and compare the weight to the laboratory 

supplied tare weight to ensure that loss of preservative has not occurred.  Do not use sample containers 
that do not agree within " 0.2 grams of the laboratory tare weight. 

 
Step 3 - Remove the plunger from a decontaminated sampler (modified plastic syringe). 

 
Step 4 - Immediately after the surface of the soil is exposed to the atmosphere collect approximately 5.0 grams 

of sample by inserting the sampler into the soil.  A decontaminated stainless steel spatula may be used 
to assist this procedure. 

 
Step 5 - Carefully wipe the outside of the sampler with a handiwipe or lint-free towel. 

 
Step 6  - Extrude the sample directly into the pre-preserved sample vial supplied by the laboratory.  Avoid 

splashing the preservative solution. 
 

Step 7  - Wipe the threads of the sample jar with a handiwipe or lint-free paper towel, to ensure an adequate seal. 
 

Step 8  - Weigh the sample container and record the weight on the chain-of-custody form.  Add a note on the 
chain-of-custody form to inform the laboratory to contact the project QA/QC Manager if the laboratory 
measured sample weight does not agree within " 0.2 grams of the weight recorded on the chain-of-
custody form. 

 
Step 9  - For each sample location repeat steps 1 through 5 collecting two replicate samples for each method 

(low-level and/or high-level) in the appropriate sample vials. 
 

Step 10- Using a stainless steel decontaminated spatula, place approximately 30 grams of soil from each location 
into a 4-oz glass jar for dry weight determination. 

 
Step 11- Place sample containers in a transportation cooler on ice immediately after collection.  Package and 

label the sample containers following the procedures specified in Appendices L and M.  Do not add 
tape, custody seals, or any other material to the pre-preserved sample containers (sodium 
bisulfate or methanol) that will alter the weight of the container. 

 
NOTE Soil samples which contain carbonate minerals may effervesce upon contact with the acidic preservative 

solution in the low concentration sample vials. If a rapid or vigorous reaction occurs discard the sample 
and collect the sample in a vial that does not contain the preservative solution. 
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III. Field Cleaning Procedures 
 
Cleaning of VOC sampling equipment (e.g., stainless-steel sampling tools) is to follow procedures presented in 
Appendix W.  The sampling equipment is to be cleaned prior to the start of sampling activities, between samples, 
and following the completion of sampling activities. 
 
IV. Disposal Methods 

 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing disposal 
practices. 
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Appendix B 

Soil Sampling Procedures for Analysis of Extractable Petroleum Hydrocarbons (EPH)/Volatile 
Petroleum Hydrocarbons (VPH) 
 
I. Introduction 
 
This standard operating procedure (SOP) describes the field sampling procedures to collect soil samples for the 
analysis of volatile petroleum hydrocarbons (VPH) and extractable petroleum hydrocarbons (EPH).  Soil samples 
must be collected in a manner that will minimize the loss of VPHs through volatilization and biodegradation.  This 
SOP presents the procedures to collect soil and sediment samples for both VPH and EPH analyses.  The VPH 
method involves the collection of 15 grams of soil in a modified plastic syringe and transfer of the soil into a 40 mL 
sample vial that has been preserved with 1 mL of methanol for every gram of sample.  Alternatively, as directed by 
the project-specific work plan, VPH samples may be collected without field preservation by using EnCoreJ, 
SoilCoreJ, or equivalent Samplers. The EPH method involves the collection of soil in a 4-oz wide-mouth glass jar. 
 
II. Materials 
 
The following materials, as required, shall be available during soil sampling: 
 

• Health and safety equipment (as required in the Health and Safety Plan); 
• Photoionization detector (PID); 
• Syringe (30 mL, with tip cut off); 
• Stainless steel spatula; 
• EnCoreJ Sampler T-handle; 
• EnCoreJ, SoilCoreJ, or equivalent Sample Containers; 
• Resealable-type bags; 
• Handiwipes or lint-free paper towels; 
• Field notebook; 
• Appropriate sample containers (pre-preserved with methanol, as required); and 
• Appropriate transport containers (coolers) with water ice and appropriate labeling, packing, and shipping 

materials. 
 
III. Field Sampling Procedures 
 

VPH 
 

Option 1 - Field Preservation 
 

Step 1  - Order the appropriate number of pre-preserved sample containers (15 mL of methanol per sample 
vial) from the laboratory.  Instruct the laboratory to supply the sample container (with preservative) 
tare weights with the bottle order. 

 
Step 2  - Prior to sample collection, weigh each sample container and compare the weight to the laboratory 

supplied tare weight to ensure that loss of preservative has not occurred.  Do not use sample 
containers that do not agree within " 0.2 grams of the laboratory tare weight. 
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Step 3  - Soil samples must be collected in a manner that minimizes sample handling and agitation.  This is 
accomplished by using a 30-mL plastic syringe with the end sliced off.  The syringe is pushed into 
the soil sample collected via split-spoon methods until full. 

 
Step 4  - Extrude approximately 15 grams of soil into the pre-preserved sample vial. 

 
Step 5  - Wipe the threads of the sample vial with a handiwipe or lint-free paper towel, to ensure an adequate 

seal. 
 

Step 6  - Weigh the sample container and record the weight on the chain-of-custody form.  Add a note on the 
chain-of-custody form to inform the laboratory to contact the project QA/QC Manager if the 
laboratory measured sample weight does not agree within " 0.2 grams of the weight recorded on the 
chain-of-custody form. 

 
Step 7  - Collect additional soil in a 4-oz (120 mL) jar for percent moisture determination. 

 
Step 8  - Place sample containers in a transportation cooler on ice immediately after collection.  Package and 

label the sample containers following the procedures specified in Appendices L and M.  Do not add 
tape, custody seals, or any other material to the pre-preserved sample containers that will alter 
the weight of the container. 

 
Option 2A -  EnCoreJ Sampler 

 
Step 1  - Place EnCoreJ sample container into the EnCoreJ T-handle. 

 
Step 2  - Collect soil sample by pressing the EnCoreJ sample container into the soil to be collected. 

 
Step 3  - Wipe the outside of the EnCoreJ sample container with a handiwipe or lint-free paper towel to 

ensure an adequate seal. 
 

Step 4  - Using the T-handle, cap and lock the EnCoreJ Sampler for shipment. 
 

Step 5  -  Collect additional soil in a 4-oz (120 mL) jar for percent moisture determination. 
 

Step 6  - Place sample containers in a transportation cooler on ice immediately after collection.  Package and 
label the sample container following the procedures in Appendix L. 

 
Option 2B  -  SoilCoreJ Sampler 
 

Step 1  - Collect soil sample by pressing the SoilCoreJ sample container into the soil to be collected.  A 
decontaminated stainless steel spatula may be used to assist this procedure. 

 
Step 2  - Wipe the outside of the SoilCoreJ sample container with a handiwipe or lint-free paper towel to ensure 

an adequate seal. 
 

Step 3  - Cap the filled end of the SoilCoreJ sample container. 
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Step 4  - Fill the opposite side of the SoilCoreJ sample container by pushing the empty side of the SoilCoreJ 
into the soil to be collected.  A decontaminated stainless steel spatula may be used to assist this 
procedure. 

 
Step 5  - Wipe the outside of the SoilCoreJ sample container with a handiwipe or lint-free paper towel to ensure 

an adequate seal. 
 

Step 6  - Cap the filled end of the SoilCoreJ sample container. 
 

Step 7  - Place the locking strap around both endcaps and pull the strap tight to secure endcaps.  Check the 
position of endcaps after tightening to verify that the SoilCoreJ container is properly sealed. 

Step 8  - Collect additional soil in a 4-oz (120 mL) jar for percent moisture determination. 
 

EPH 
 

Step 1  - Soil samples are collected directly from the split-spoon using a stainless steel, decontaminated, 
spatula. 

 
Step 2  - Samples are collected in 4-oz (120 mL) wide-mouth glass jars with Teflon-lined screw caps. 

 
Step 3  - Wipe the threads of the sample jar with a handiwipe or lint-free paper towel, to ensure an adequate 

seal. 
 

Step 4  - Place sample containers in a transportation cooler on ice immediately after collection.  Package and 
label the sample containers following the procedures specified in Appendix L. 

 
IV. Field Cleaning Procedures 
 
Cleaning of EPH/VPH sampling equipment (e.g., stainless-steel sampling tools) is to follow the procedures 
presented in Appendix W.  The sampling equipment is to be cleaned prior to the start of sampling activities, between 
samples and following the completion of sampling activities. 
 
V. Disposal Methods 

 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going disposal 
practices. 
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Appendix C 
 
Soil Boring Installation and Soil Sampling Procedures  
 
I. Introduction 
 
This Standard Operating Procedure (SOP) describes the field sampling procedures to install soil borings and to 
collect soil samples (incorporating as appropriate, the soil sampling procedures for volatile organic compound 
(VOC) or extractable petroleum hydrocarbon/volatile petroleum hydrocarbon (EPH/VPH) analyses described in 
Appendices A and B, respectively).  Soil samples may be collected through a variety of mechanisms, typically 
the hollow-stem auger drilling method, the driven casing drilling method, or a direct push technique.  In 
situations where physical site features limit the use of drill rigs, soil borings will be completed with hand-driven 
equipment or a portable power auger depending on the required depth and subsurface material.  A detailed 
discussion of the selection of drilling methods is presented in Appendix Y.  Samples of subsurface material 
encountered during the drilling of soil borings will typically be collected continuously to the required depth of 
the boring, or as directed by the supervising geologist or technician, using the methods described in Section III 
below.    
 
Personnel will also be responsible for documenting drilling events in the field log notebook.  Only qualified 
personnel (e.g., holds degree in engineering, geology, or related science, and/or has at least two years of relevant 
experience) will provide descriptions of soil samples.  The drilling contractor will be responsible for obtaining 
accurate and representative samples, informing the supervising geologist of changes in drilling pressure and loss 
of circulation, and keeping a separate general log of soils encountered, including blow counts (i.e., the number 
of blows from a soil sampling drive weight [140 pounds] required to drive the split-spoon sampler in 6-inch 
increments), if applicable.   
 
II.  Equipment and Materials 
 
The following materials, as required, shall be available during soil sampling: 
 

• Health and safety equipment (as required in the Site Health and Safety Plan [HASP]); 
• Cleaning equipment (as required in Appendix W); 
• All drilling equipment required by the American Society of Testing and Materials (ASTM) document 

D1586, entitled Standard Method for Penetration Test and Split-Barrel Sampling of Soils (Annual Book 
of ASTM Standards, Volume 04.08), as applicable (see Section III); 

• Appropriate sample containers and forms; 
• Coolers with ice or "blue ice;" 
• Photoionization detector (PID); and 
• Field notebook. 

 
III. Soil Boring Installation 
 
General procedures for the installation of soil borings using a variety of drilling methodologies are presented in 
Appendix Y.  Additional details related to the primary drilling methods to be utilized (i.e., hollow-stem augers, 
driven casing, and direct-push methodologies) are provided below. 
 



V 
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When hollow-stem augers or driven casing methodologies are employed, soil cores will be collected using 
standard 2-inch by 2-foot split-spoons driven by a 140-pound hammer or standard Shelby tubes, unless 
otherwise specified in the project-specific work plan.  The split-spoons or Shelby tubes will be advanced to the 
depth specified in the project-specific work plan.  Additional information regarding potential methods for 
collecting such cores may be found in ASTM Standard D1586 entitled “Standard Method for Penetration Test 
and Split-barrel Sampling of Soils” and ASTM Standard D6282-98 entitled “Standard Guide for Direct Push 
Soil Sampling for Environmental Site Characterizations,” unless an alternate approach is specified in the 
project-specific work plan.  Soil samples will be collected following the procedures described in the following 
sections, and those presented in Appendices A and B for VOCs and VPH/EPH, respectively. In addition, all 
drilling subcontractors will comply with the Commonwealth of Massachusetts requirement for licensing of 
monitoring well drillers.   
 
Direct-push drilling methods also may be used to collect soil cores.  Examples of this technique include the 
Diedrich ESP vibratory probe system or AMS Power Probe™ dual tube system.  Environmental probe systems 
typically use a hydraulically operated percussion hammer. Depending on the equipment used, the hammer 
delivers 140 to 350 foot pounds of energy with each blow.  The hammer, operated at 1,200 blows per minute, 
provides the force needed to penetrate very stiff to medium-dense soil formations.  The hammer simultaneously 
advances and outer steel casing which contains a disposable plastic liner that is utilized to collect soil samples.  
Soil samples will be collected following the procedures described in the following sections, and those presented 
in Appendices A and B for VOCs and VPH/EPH, respectively. 
 
At locations where the soil sampler cannot be advanced to the total depth specified in the project work plan due 
to subsurface refusal, a minimum of three attempts will be made to advance the boring to the total depth at 
nearby locations.  Similarly, if soil sample recovery is less than 50% for the target analytical sampling interval 
specified in the project-specific work plan, a minimum of three attempts will be made to collect additional soil 
from the same sampling interval.  However, this additional sampling need not be conducted at areas where GE 
and EPA field representatives agree that the nature of the subsurface materials are not likely to allow proper 
sample recovery (e.g., coarse gravel, loose fine sands, concrete rubble, fill, etc.).   
 
The proper starting depth of all surficial soil and surficial soil boring samples will be dependent on location and 
surface cover.  The initial soil sampling interval will generally start at the soil interface, not at the top of 
vegetation, gravel, and pavement or building floor.  For example, if soil samples are to be collected at a location 
consisting of a 6-inch thick gravel lot, the 0- to 1-foot soil sample will be collected from the first foot of soil 
beginning just below the base of the gravel rather than either collecting 6 inches of gravel along with the 
underlying soil, or discarding the gravel, but only collecting soil from 6 inches to 1 foot below ground surface 
(bgs).  In some cases, the starting point of soil sampling will be dependent on future design considerations for 
the area in question (i.e., 0- to 1-foot surface samples may not be necessary at areas where a soil cover will be 
installed, or conversely, the 0- to 1-foot surface samples may be collected at depths beginning 1 foot below thick 
concrete floors that will be subject to removal).  Special circumstances such as these will be described in 
project-specific work plans. 
 
IV. Subsurface Soil Sampling Procedures 
 

Step 1 - As samples are collected, qualified personnel will describe each soil sample.  Additional 
information regarding procedures to identify soil types may be found in ASTM Standard D2488-
00, entitled “Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedure).”  Soil descriptions will be entered in the field notebook or on the Subsurface Log 
(Attachment C-1) for the following parameters: 

 



V 
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• soil type;  
• color; 
• percent recovery; 
• moisture content; 
• texture; 
• grain size and shape; 
• consistency; 
•  blow counts, if collected; and 
• miscellaneous observations. 
 
A common soil sample description format should be utilized in the field notes, such as: 
 
Color; primary constituent (underlined or capitalized); secondary constituent(s) designated by 
“and” (if approximately 50 % of the sample, should only be utilized if a second primary 
constituent is identified), “some” (if approximately 30% to 50% of the sample), “little” (if 
approximately 10% to 30% of the sample), and/or “trace” (if less than 10% of the sample); 
description of consistency; moisture content; miscellaneous observations; and initial 
interpretations (capitalized in parentheses). 
 
Example 1:  Brown fine SAND, some Silt, little medium-coarse Sand, trace concrete and brick 
debris, loose, wet, trace black staining.  (FILL). 
 
Example 2:  Olive-gray SILT and CLAY, trace fine Gravel, angular dense, moist.  (GLACIAL 
TILL). 
 
In addition, the boring logs must identify the specific depth of the fill/native soil interface (if 
present) and will provide a detailed description of any debris observed in the fill.  This is 
particularly important for borings taken during investigations of fill properties outside the CD 
Site.  Observations of staining, sheens, or other potential indicators of impacted soil should also 
be described in detail, including the starting and ending depths of such observations. 
 
Each sampling interval will be recorded based on any spaces or gaps and the recovery of the core.  
For example, if a soil sampler is advanced from 4 to 8 feet bgs, but the soil recovery is only 2.5 
feet, the log will indicate that the description only applies to 4 to 6.5 feet bgs (i.e., assume that 
lower portion of the soil sample was not recovered), unless reasons to infer otherwise are evident 
in the sample or adjacent samples.  If soil sample recovery for the target analytical sampling 
interval is less than 50%, additional sampling attempts will be made, as specified in Section III of 
this Appendix. 

  
Step 2 - Samples are placed in appropriate sample containers for PID field screening as specified in 

Appendix N. PID screening may be performed to identify potentially impacted zones, or, in some 
cases, to determine which samples will receive analysis for VOCs and/or other Appendix IX+3 
constituents, as discussed below. 

 



V 
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Step 3 - If the project-specific work plan requires the collection of one or more samples from a given 
boring for analysis of Appendix IX+3 constituents or one or more groups thereof (e.g., VOCs), 
such sample(s) will be identified and collected.  The selection of such sample(s) will be based on 
the specifications of the project-specific work plan regarding which sample(s) should be analyzed 
for such constituents, given the objectives of the investigation.  The following procedures will be 
utilized in this selection, where applicable:  

 
• In many cases, the project-specific work plan will specify the target depth increment to be 

analyzed for Appendix IX+3 constituents for the purpose of obtaining a spatially distributed 
range of depth increments.  However, it may also provide that some modifications to the 
specified location/depth may be made in the field considering PID readings or visual 
observations (e.g., evidence of staining, presence of oil, etc.).  In such cases, the following 
procedures will be followed:  
 
- If no other samples exhibit PID readings or visual evidence of contamination significantly 

greater that the depth increment specified in the work plan, the work plan-specified 
increment will be selected. 

 
- If another sample exhibits a significantly higher PID reading or more visual evidence of 

contamination (e.g., staining, presence of oil, odor, etc.) than the depth increment 
specified in the work plan, then such other sample will be selected for Appendix IX+3 
analysis, unless similar soil samples from comparable depth increments have been or will 
be analyzed for Appendix IX+3 constituents at nearby sampling locations.  In the event 
that such a modification is made to the work plan-specified depth increment at a given 
location, then a corresponding modification should be made at another sampling location 
within the investigation area (nearby if possible) to maintain the depth and spatial 
distribution of Appendix IX+3 samples specified in the work plan. 

 
- For analytical depth increments which encompass multiple soil sample intervals, the 

sample which exhibits the highest PID reading within the selected depth increment will be 
analyzed for VOCs, while the entire depth increment will be utilized for analysis of the 
remaining Appendix IX constituents (see Section V below).   

 
- If separate, distinct zones of elevated head space readings are encountered the Project 

Manager should be contacted to discuss sampling options. In these cases, typically one 
interval would be selected for Appendix IX+3 analysis according to the criteria discussed 
above, and an additional sample may be taken from the other zone for VOC analysis, 
unless similar soil samples from comparable depth increments have been or will be 
analyzed for Appendix IX+3 constituents at nearby sampling locations. 

 
• When the project-specific work plan specifies that sample selection for VOC analysis is to be 

based on PID screening, a sample which exhibits a reading of 10 PID units or higher will be 
collected as specified in Appendix A and analyzed for VOCs by EPA Method 8260B (unless 
otherwise specified in the work plan).  If such readings are encountered at multiple soil 
sample/PID screening intervals within a boring, only the sample which exhibits the highest 
PID reading within the boring will be analyzed for VOCs, unless separate and distinct zones 
of elevated PID readings are identified.  If separate, distinct zones of elevated head space 
readings are encountered, the Project Manager should be contacted to discuss sampling 
options. 
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• When the project-specific work plan specifies that the selection of a sample for Appendix 
IX+3 analysis is to be based on PID screening, the following protocol will be followed unless 
otherwise specified in the work plan: The sample which exhibits the highest PID reading for 
each boring will be analyzed for Appendix IX+3 constituents.  If no samples exhibit PID 
readings significantly higher than background, then a sample will be selected based on visual 
inspection (i.e., staining, presence of oil, odor, etc).  If there are no visual indications of the 
presence of hazardous materials, then the sample located at the water table interface will be 
selected for Appendix IX+3 analyses. 

 
• When using PID screening to determine the sample to be analyzed for VOCs or Appendix 

IX+3 constituents, such samples may be collected using either of the two following 
procedures: 

 
Option 1 - The samples for potential VOC/Appendix IX+3 analyses may be collected from 

each depth interval at the same time that the PID screening samples are collected.  
After completion of the soil boring, the selected sample will be sent to the 
laboratory for analysis and the remaining samples will be discarded. 

 
Option 2 - Alternatively, the complete soil boring can be screened to determine the interval 

with the highest PID reading prior to the collection of the VOC/Appendix IX+3 
sample.  After screening is completed and the VOC/Appendix IX+3 sample 
interval has been determined, another sample can be collected from the 
appropriate depth interval  for VOC/Appendix IX+3 analysis by installation of 
another soil boring adjacent (slightly off-set) to the original boring. 

 
Step 4 - Sample containers will be labeled, stored on site, and transported to the appropriate testing 

laboratory. Label all sample containers with the following:  
 

• site; 
• project number; 
• boring number; 
• sample interval; 
• date; 
• time of sample collection; and 
• initials of sampling personnel.  

 
Step 5 - The samples will be handled, packed, and shipped in accordance with the procedures set forth in 

Appendix L.    
 

V. Soil Sample Compositing 
 
In certain instances, representative soil samples from several depth increments may be composited into a single 
sample for subsequent analyses. This approach will be utilized for a number of future soil investigations related 
to the implementation of the CD -- notably, sampling  several potential depth increments in the upper 15 feet bgs 
(e.g., 1- to 6-foot and 6- to 15-foot, or 1- to 3-foot, 3- to 6-foot, 6- to 10-foot, and 10- to 15-foot depth 
increments, depending on the project location and work plan requirements).  In such instances, the following 
protocols will be used to support the performance of composite sample collection and analysis: 
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Step 1 - As soil samples from individual sample depth increments (e.g., 2-foot depth increments) are 
collected, a representative sample will be placed into a glass sample jar for subsequent PID 
screening. 

 
Step 2 - The remainder of the soil sample will be placed into a clean, stainless steel bowl for subsequent 

compositing and homogenizing with other samples from the specified composite depth interval.  
Using this process, the appropriate composite samples will be obtained -- each representing the  
specified analytical sample depth increment.  Each of these composite samples will be analyzed 
for PCBs.   

 
Step 3 - In addition to analysis for PCBs, a sample from one or more of the composite samples may be 

submitted for Appendix IX+3 analyses, excluding VOCs.  The composite sample to be submitted 
will be selected as described above in Section IV, Step 3. 

 
Step 4 - Prior to compositing the discrete sample depth interval within the composite sample interval with 

the highest PID reading will be sampled for Appendix IX VOC analysis, if a VOC sample is 
required from that interval.  Duplicate VOC samples should be collected as close as practical to 
the original VOC sample depth. 

 
VI. Surficial Soil Sampling 
 
Surficial soil samples will be collected using a hand-driven split-spoon sampler, a stainless steel bucket auger, or 
a spade and scoop as determined by the field team depending on the subsurface material.  Samples of material 
encountered during this operation will be collected in 6-inch or 12-inch increments as indicated in the respective 
work plan. 
 
VII. Surficial Soil Sampling Materials 
 
The following materials, as required, shall be available during surficial soil sampling: 
 

• Health and safety equipment (as required by the HASP); 
• Cleaning equipment (as required in Appendix W); 
• Teflon® sheeting or stainless-steel tray; 
• Appropriate sample containers and forms; 
• Coolers with ice or “blue ice;” 
• Hand operated soil sampling kit (split-spoon); 
• Stainless-steel bucket auger; 
• Brass push rod; 
• Spatula or knife; 
• Hand spade; 
• Stainless steel scoop; 
• Stainless steel spoon; 
• 6-foot rule; and 
• Field notebook. 
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VIII. Surficial Soil Sampling Procedures 
 
The following procedures will be employed to collect surficial soil samples: 
 

Step 1 - If the sample location is a grassed area or an area that exhibits overlying material (i.e., gravel, 
leaves, roots), the sod or overlying material should be removed and the underlying soil should be 
collected.  The sod refers to the grass and dense root matter below the grass, including the soil 
within the dense root matter.  Replace the sod following sample collection. 

Step 2 - Secure a representative sample from the appropriate depth and place into a suitable sample jar. 
 
Step 3 - If PID screening is being performed for selection of Appendix IX+3 samples, obtain a split 

sample for screening with a PID for VOCs, using the procedures set forth in Appendix N, and 
take a PID reading as soon as possible after sample preparation. 

 
Step 4 - Label all sample containers with the following: 
 

• site; 
• project number; 
• location number; 
• depth of sample; 
• date; 
• time of sample collection; and 
• initials of sampling personnel 

 
Step 5 - Handle, pack, and ship the samples using the chain-of-custody procedures in accordance with 

Appendix L.   
 
Step 6 - Record all appropriate information in the field notebook and on the proper forms. 

 
IX. Duplicate Sample Collection 
 
Field duplicates will be prepared by homogenizing soil collected at the same time and depth and then filling two 
sets of sample jars.  For VOCs, the samples will be collected as close as practical to the original VOC sample 
depth and will not be homogenized prior to placement in the sample jars.  The duplicate sample will be labeled 
in such a way that the sample designations will not indicate the duplicate nature of the samples.  Information 
concerning the source of sample duplicates should be documented in the field notebook and on the version of 
the chain-of-custody form that is retained by the sampling team.  This information should NOT be provided in 
the copy of the chain-of-custody form that is submitted to the laboratory. 
 
X. Survey 
 
A field survey control program will be conducted using standard instrument survey techniques to document the 
boring, surficial soil, or floodplain sampling location and elevation.  Generally, to accomplish this, a local 
control baseline will be set up.  If specified in the work plan, this local baseline control can then be tied into the 
appropriate vertical and horizontal datum such as the National Geodetic Vertical Datum (NGVD) of 1929 and 
the State Plane Coordinate System.  At a minimum, the elevation of floodplain soil samples will be determined 
using NGVD-1929. 
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XI. Field Cleaning Procedures 
 
Cleaning of sampling equipment is to follow the procedures specified in Appendix W.  The sampling equipment 
is to be cleaned prior to the start of sampling activities, between samples, and following the completion of 
sampling activities.  In addition, tools utilized in the handling and opening of sampling equipment, such as 
wrenches for opening split-spoon samplers or knives for cutting direct-push sample liners, are to be cleaned with 
a non-phosphate soap and water prior to the start of sampling activities, between boreholes, and following the 
completion of sampling activities, at a minimum. 
 
XII. Disposal Methods 
 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing disposal 
practices. 
 



 
 

 
 

 
 

Attachment C-1  
Subsurface Log 

 



--I 
U)1

111
I"-

:ro1

c
e='1
0
u

0>
"'"-(.)
E (0
o;d
o;~
-'0

(0
CO>
i)1:1:...

'-'~
co""
U)
:t
0~
ID

StratigraphIc
Description

Well

Construction:I:
I'--
0-
W
0

,
Ii.,

GROUND SURF ACE

-

5

K)

Water LevelsRem
I Date / Time IElevation

JI
il

!]

Q OJ <)

"0
Q)
CD

arks:



 
 

 
 

Appendix D 
 

Groundwater Purging and Sampling 
Procedures for Monitoring Wells



VOCVOC 

BLASLAND, BOUCK & LEE, INC.  
2/10/06 engineers, scientists, economists D-1 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxD.doc  

Groundwater Purging and Sampling
Revision #: 04 

Date:  March 30, 2007 
 

Appendix D 
 
Groundwater Purging and Sampling Procedures for Monitoring Wells 
 
I. Introduction 
 
Groundwater samples will be collected from monitoring wells to evaluate groundwater quality.  The protocol 
presented in this Appendix describes the procedures to be used to purge monitoring wells and collect 
groundwater samples.  This protocol has been developed in accordance with the EPA Region I Low Stress (Low 
Flow) Purging and Sampling Procedures for the Collection of Groundwater Samples from Monitoring Wells 
(USEPA SOP No. GW0001; July 30, 1996) (Attachment D-1).  In addition, should GE desire to change to a 
markedly different sampling methodology (e.g., discrete interval samplers, passive diffusion bags, or a yet to be 
developed technique), GE will submit a proposed standard operating procedure for the new methodology for 
EPA approval prior to implementing such a change, if the procedure is not already incorporated into the Field 
Sampling Plan/Quality Assurance Project Plan (FSP/QAPP).  An alternate sampling procedure incorporating 
the usage of passive diffusion bags is presented in Appendix AA. 
 
Both filtered and unfiltered groundwater samples may be collected using this low-flow sampling method.  
Filtered samples will be obtained using a 0.45-micron disposable filter.  No wells will be sampled until well 
development has been performed in accordance with the procedures presented in Appendix S, unless that well 
has been sampled or developed within the prior 1-year time period.  Groundwater samples will not be collected 
within a 1-week time period following well development.  
 
II. Materials 
 
Specific to this activity, the following materials (or equivalent) shall be available: 
 
• Site Plan, well construction records, prior groundwater sampling records (if available); 
 
• Sampling pump, capable of maintaining a minimum pumping rate of  0.1 L/min, which may consist of one 

or more of the following: 
 

- Submersible pump (e.g., Grundfos Redi-Flo 2); 
- Peristaltic pump (e.g., ISCO Model 150); and/or 
- Bladder pump (e.g., Marschalk System 1); 
 

• Teflon® tubing or Teflon®-lined polyethylene tubing of an appropriate size for the pump being utilized;   
 
• Water level probe (e.g., Solinst Model 101); 
 
• Water quality (temperature/pH/specific conductivity/ORP/turbidity/dissolved oxygen) meter and flow-

through measurement cell.  Several brands may be utilized, including: 
 

- YSI 6-Series Multi-Parameter Instrument; 
- Hydrolab Series 3 or Series 4a Multiprobe and Display; and/or 
- Horiba U-22 Water Quality Monitoring System; 
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• Supplemental turbidity meter (e.g., Horiba U-22 or Hach 2100P).  Turbidity measurements collected with 
multi-parameter meters have been shown to sometimes be unreliable due to fouling of the optic lens of the 
turbidity meter within the flow-through cell.  A supplemental turbidity meter will be utilized to verify 
turbidity data during purging if such fouling is suspected.  Note that industry improvements may eliminate 
the need for these supplemental measurements in the future; 

 
• Appropriate water sample containers (supplied by the laboratory); 
 
• Appropriate blanks (trip blank supplied by the laboratory); 
 
• 0.45-micron disposable filters; 
 
• Large glass mixing container; and 
 
• Teflon® stirring rod. 
 
Note that in the future, GE may acquire different makes/models of some of this equipment if the listed 
makes/models are no longer available, or as a result of general upgrades or additional equipment acquisitions.  
In the event that GE uses a different make/model of the equipment listed, GE will utilize an equivalent type of 
equipment (e.g., pumps, flow-through analytical cells), and will note the specific make/model of the equipment 
utilized during a sampling event on the Groundwater Sampling Log provided as Attachment D-2.   
 
The maintenance requirements for the above equipment generally involve decontamination or periodic cleaning, 
battery charging, and proper storage, as specified by the manufacturer.  For operational difficulties, the 
equipment will be serviced by a qualified technician. 
 
III. Procedure 
 
Groundwater will be purged and sampled from the wells using an appropriate pump.  Peristaltic pumps may be 
utilized if the depth to water is within the sampling range of a peristaltic pump (approximately 25 feet).  
Otherwise, submersible pumps or bladder pumps will be utilized provided the well is constructed with a casing 
diameter greater than or equal to 2 inches (the minimum well diameter capable of accommodating such pumps).  
For smaller diameter wells where the depth to water is below the sampling range of a peristaltic pump, 
alternative sampling methods (i.e., bailing) will be utilized to purge and sample the groundwater.  Purge water 
will be collected and containerized. 
 
1. Perform calibration of field instruments according to procedures in Attachment O-1 of Appendix O. 
 
2. Measure initial depth to groundwater prior to placement of pumps.  If a submersible or bladder pump is 

being utilized, slowly lower pump, safety cable, tubing, and electrical lines into the well to a depth 
corresponding to the appropriate intake depth.  If a peristaltic pump is being utilized, slowly lower the 
sampling tubing into the well to a depth corresponding to appropriate intake depth.  Generally, the pump 
intake will be set at the approximate center of the saturated screen section of the monitoring well.  
Exceptions to this placement should be made in the following situations: 
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• For wells with screens greater than 10 feet in length, the pump intake should be no greater than five 
feet below the top of the saturated screen depth, unless otherwise specified in approved work plans or 
modified due to observed field conditions (e.g., slow recharging wells or wells demonstrating 
excessive drawdown at minimal pumping rates). 

• For wells that are screened across soil types of dramatically varying permeabilities (i.e., wells 
screened across the intersection between unconsolidated granular deposits and glacial till), the pump 
intake should be aligned with the unit of greater permeability, which is presumably supplying most of 
the groundwater to the well. 

• For slow-recharging wells, the pump intake may be lowered to a level necessary to obtain 
groundwater samples, or to purge the well dry prior to recharge and sample collection. 

 
 The pump intake or sampling tube should be kept at least 2 feet above the bottom of the well to prevent 

mobilization of any sediment present in the bottom of the well. 
 
3. Measure the water level again with the pump in the well before starting the pump.  Start pumping the well at 

200 to 500 milliliters (ml) per minute.  The pump rate should be adjusted to cause little or no water level 
drawdown in the well (less than 0.3 feet below the initial static depth to water measurement, if possible) and 
the water level should stabilize. The water level should be monitored every 3 to 5 minutes (or as 
appropriate) during pumping if the well diameter is of sufficient size to allow such monitoring.  Care should 
be taken not to break pump suction or cause entrainment of air in the sample.  Record pumping rate 
adjustments and depths to water.  If necessary, pumping rates should be reduced to the minimum 
capabilities of the pump to avoid pumping the well dry and/or to ensure stabilization of indicator 
parameters.  A steady flow rate should be maintained to the extent practicable.  Groundwater sampling 
records from previous sampling events (if available) should be examined to provide an estimate of the 
optimum pumping rate and anticipated drawdown for the well in order to more efficiently reach a stabilized 
pumping condition. 

 
If the recharge rate of the well is very low, alternative purging techniques should be utilized, which will 
vary based on the well construction and screen position.  For wells screened across the water table, the well 
should be pumped dry and sampling should commence as soon as the volume in the well has recovered 
sufficiently to permit collection of samples.   For wells screened entirely below the water table, the well 
should be pumped until a stabilized level (which may be below the maximum displacement goal of 0.3 feet) 
can be maintained and monitoring for stabilization of field indicator parameters can commence.  If a lower 
stabilization level cannot be maintained, the well should be pumped until the drawdown is at a level slightly 
higher than the bentonite seal above the well screen.  Sampling should commence after one well volume has 
been removed and the well has recovered sufficiently to permit collection of samples.  

 
4. During purging, monitor the field indicator parameters (e.g., turbidity, temperature, specific conductance, 

pH, dissolved oxygen, oxidation reduction potential [ORP]) every three to five minutes (or as appropriate).  
Field indicator parameters will be measured using a flow-through analytical cell, although turbidity data will 
be confirmed by a separate turbidity meter.  Record field indicator parameters on the Groundwater Sampling 
Log (Attachment D-2).  The well is considered stabilized and ready for sample collection when turbidity 
values remain within 10% (or within 1 NTU if the turbidity reading is less than 10 NTU), the dissolved 
oxygen level remains within 10% (or within 0.1 mg/l if the dissolved oxygen level is less than 1.0 mg/l), the 
specific conductance and temperature values remain within 3%, ORP remains within 10 millivolts, and pH 
remains within 0.1 units for three consecutive readings collected at three to five minute intervals.  If the 
field indicator parameters do not stabilize within one hour of the start of purging, but the groundwater 
turbidity is below the goal of 50 NTU and the values for all other parameters are within 10%, the well can 
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be sampled.  If the parameters have stabilized, but the turbidity is not in the range of the 50 NTU goal, the 
pump flow rate should be decreased to a minimum rate of 100 mL/min to reduce turbidity levels as low as 
possible.  During extreme weather conditions, stabilization of field indicator parameters may be difficult to 
obtain.  Modifications to the sampling procedures to alleviate these conditions (e.g., measuring the water 
temperature in the well adjacent to the pump intake) will be documented in the field notes.  If other field 
conditions exist which preclude stabilization of certain parameters, an explanation of why the parameters 
did not stabilize will also be documented in the field logbook. 

 
5. Complete the sample label according to procedures in Appendix L and cover the label with clear packing 

tape to secure the label onto the container. 
 
6. After the indicator parameters have stabilized, collect groundwater sample by diverting flow out of the 

discharge tubing into the appropriate labeled sample container.  If a flow-through analytical cell is being 
used to measure field parameters, the flow-through cell should be disconnected after stabilization of the 
field indicator parameters and prior to groundwater sample collection.  Under no circumstances should 
analytical samples be collected from the discharge of the flow-through cell.  When the container is full, 
tightly screw on the cap.  Samples should be collected in the following order: VOCs; TOC; SVOCs; metals 
and cyanide; others. 

 
7. If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered sample will be collected.  If 

the sample cannot be transferred to the laboratory for filtering, sample filtration for the filtered sample will 
be performed in the field utilizing an in-line filtration system.  Install an in-line, disposable 0.45-micron 
particle filter on the discharge tubing after the appropriate unfiltered groundwater sample has been collected.  
Continue to run the pump until an initial volume of “flush” water has been run through the filter in 
accordance with the manufacturer’s directions (generally 100 to 300 ml). Collect filtered groundwater 
sample by diverting flow out of the filter into the appropriate labeled sample container.  When the container 
is full, tightly screw on the cap.   

 
8. Secure with packing material and store at 4°C in an insulated transport container provided by the laboratory. 
 
9. Record on the Groundwater Sampling Log (Attachment D-2) or bound field book the time sampling 

procedures were completed, any pertinent observations of the sample (e.g., physical appearance, the 
presence of, or lack of, odors, sheens), and the values of the stabilized field indicator parameters, as 
measured during the final reading during purging. 

 
10. Remove pump and tubing from well, secure well, properly dispose of PPE and disposable equipment (see 

Section VI). 
 
11. If tubing is to be dedicated to a well, the tube shall be stored within the riser pipe.  The open end of the tube 

shall not be allowed to contact the interior of the steel protective casing or well cap.  The tube should be 
folded to a length that will allow the well to be capped and also facilitate retrieval of the tubing during later 
sampling events.  A length of rope or string should be used to tie the tubing to the well cap. 

 
12. Complete the procedures for packaging, shipping, and handling with associated chain-of-custody (Appendix 

L). 
 
13. Complete cleaning procedures for flow-through analytical cell and submersible pump, as appropriate (see 

Section V - Equipment Cleaning). 
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14. At end of day, perform calibration check of field instruments according to procedures in Appendix O. 
 

If it is not technically feasible to utilize the low-flow sampling method described above, purging and sampling 
of monitoring wells may be conducted using the volume-based purging and sampling method as outlined below: 
 
1. Don appropriate personal protective equipment (PPE), as required by the site Health and Safety Plan   

(HASP). 
 
2. Place plastic sheeting around the well. 
 
3. Clean the sampling equipment with the procedures in Appendix W. 
 
4. Open the well cover while standing upwind of the well.  Remove well cap and place on the plastic sheeting. 

Insert photoionization detector (PID) probe approximately 4 to 6 inches into the casing or the well 
headspace and cover with gloved hand.  Record the PID reading in the field log.  If the well headspace 
reading is less than 5 PID units, proceed; if the headspace reading is greater than 5 PID units, screen the air 
within the breathing zone. If the breathing zone reading is less than 5 PID units, proceed.  If the PID reading 
in the breathing zone is above 5 PID units, move upwind from well for 5 minutes to allow the volatiles to 
dissipate. Repeat the breathing zone test.  If the reading is still above 5 PID units, don appropriate 
respiratory protection in accordance with the requirements of the HASP.  Record all PID readings. For wells 
which are part of the regular weekly monitoring program and prior PID measurements have not resulted in a 
breathing zone reading above 5 PID units, PID measurements will be taken monthly. 

 
5. Measure the depth to water and determine depth of well through examination of drilling log data or by direct 

measurement.  Calculate the volume of water in the well (in gallons) by using the length of the water 
column (in feet), multiplying by 0.163 for a 2-inch well or by 0.653 for a 4-inch well.  For other well 
diameters, use the formula:  

 
Volume (in gallons) = π TIMES well radius (in feet) squared TIMES length of water column (in feet) 
TIMES 7.481 (gallons per cubic foot) 

 
6. If a bailer is to be utilized, measure a length of rope at least 10 feet greater than the total depth of the well.  

Secure one end of the rope to the well casing, secure the other end of the rope to the bailer.  Test the knots 
and make sure the rope will not loosen.  Check bailers to be sure all parts are intact and will not be lost in 
the well. 

 
7. Lower bailer, submersible pump, or peristaltic pump tubing (whichever is applicable) into well and remove 

one well volume of water.  Contain all water in appropriate containers. 
 
8. Monitor the field indicator parameters (e.g., turbidity, temperature, specific conductance, pH, etc.).  Field 

indicator parameters will be measured using a clean container such as a glass beaker or sampling cups 
provided with the instrument.  A flow-through analytical cell should be utilized if a pump is utilized for 
purging and sampling to enable collection of dissolved oxygen and ORP data.  Record field indicator 
parameters on the Groundwater Sampling Log (Attachment D-2).  
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9. Repeat Step 7 and Step 8 until three or four well volumes have been removed.  Examine the field indicator 
parameter data to determine if the parameters have stabilized.  The well is considered stabilized and ready 
for sample collection when turbidity values remain within 10% (or within 1 NTU if the turbidity reading is 
less than 10 NTU), the dissolved oxygen level remains within 10% (or within 0.1 mg/l if the dissolved 
oxygen level is less than 1.0 mg/l), the specific conductance and temperature values remain within 3%, ORP 
remains within 10 millivolts, and pH remains within  0.1 units for three consecutive readings collected once 
per well volume removed. Since accurate collection of dissolved oxygen and ORP data is not possible 
without the use of a flow-through cell (which cannot be used with bailed groundwater), the stabilization of 
these parameters may not be verifiable under this method.  Therefore, stabilization criteria for dissolved 
oxygen and ORP is only applicable to situations where a flow-through cell is utilized during well purging.  

 
10. If the field indicator parameters have not stabilized, remove a maximum of five well volumes prior to 

sample collection. Alternatively, five well volumes may be removed with measurement of initial and final 
groundwater parameters, at a minimum. 

 
11. If the recharge rate of the well is very low, wells screened across the water table may be bailed dry and 

sampling should commence as soon as the volume in the well has recovered sufficiently to permit collection 
of samples.  For wells screened entirely below the water table, the well should be only be bailed down to a 
level slightly higher than the bentonite seal above the well screen.  The well should not be bailed completely 
dry in order to maintain the integrity of the seal.   Sampling should commence as soon as the volume in the 
well has recovered sufficiently to permit collection of samples.  Field indicator parameters will be recorded 
again at the time of sample collection.  For extremely low recharging wells, where multiple sampling 
attempts over several days are necessary to collect the required sample volume, field indicator parameters 
will be recorded each day that samples are collected, provided the well contains sufficient volume to 
conduct those measurements. 

 
12. Following purging, allow water level in well to recharge to a sufficient level to permit collection of samples. 
 
13. Complete the sample label according to procedures in Appendix L and cover the label with clear packing 

tape to secure the label onto the container. 
 
14. Slowly lower the bailer into the screened portion of the well and carefully retrieve a filled bailer from the 

well causing minimal disturbance to the water and any sediment in the well. 
 
15. The sample collection order (as appropriate) will be as follows: 

 
1) VOCs; 
2) TOC; 
3) SVOCs; 
4) Metals and cyanide; and 
5) Others. 
 

16. When sampling for volatiles, water samples will be collected directly from the bailer into 40 mL vials with 
Teflon®-lined septa. 
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17. For other analytical samples, remove the cap from the large glass mixing container and slowly empty the 
bailer into the large glass mixing container.  The sample for dissolved metals and/or filtered PCBs should 
either be placed directly from the bailer into a pressure filter apparatus or pumped directly from the bailer 
with a peristaltic pump, through an in-line filter, into the pre-preserved sample bottle. 

 
18. Continue collecting sample until the mixing container contains a sufficient volume for all laboratory 

samples. 
 
19. Mix the entire sample volume with the Teflon® stirring rod and transfer the appropriate volume into the 

laboratory jar(s).  Secure the sample jar cap(s) tightly. 
 
20. If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered sample will be collected.  If 

the sample cannot be transferred to the laboratory for filtering, sample filtration for the filtered sample will 
be performed in the field utilizing a peristaltic pump prior to preservation.  Install new medical-grade 
silicone tubing in the pump head.  Place new Teflon® tubing into the sample mixing container and attach to 
the intake side of pump tubing.  Attach (clamp) a new 0.45-micron filter (note the filter flow direction).  
Turn the pump on and dispense the filtered liquid directly into the laboratory sample bottles. 

 
21. Secure with packing material and store at 4°C in an insulated transport container provided by the laboratory.  
 
22. After sample containers have been filled, remove an additional volume of groundwater.  Measure the pH, 

temperature, turbidity, and conductivity.  Record on the Groundwater Sampling Log (Attachment D-2) or 
bound field book the time sampling procedures were completed, any pertinent observations of the sample 
(e.g., physical appearance, the presence of, or lack of, odors, sheens, etc.), and the values of the field 
indicator parameters. 

 
23. Remove bailer from well, secure well, and properly dispose of PPE and disposable equipment (see Section 

VI). 
 
24. If a bailer is to be dedicated to a well, it should be secured inside the well above the water table, if possible.  

Dedicated bailers should be tied to the well cap so that inadvertent loss of the bailer will not occur when the 
well is opened.   

 
25. Complete the procedures for packaging, shipping, and handling with associated chain-of-custody (Appendix 

L). 
 
IV. Field Quality Control  
 
In addition to the quality control samples to be collected in accordance with Table 4 of the FSP/QAPP, the 
following quality control procedures should be observed in the field: 
 
• Samples should be collected from monitoring wells in order of increasing concentration, to the extent 

known; 
 
• Equipment blanks should include the pump and tubing (if using disposable tubing) or the pump only (if 

using tubing dedicated to each well); 
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• Equipment blanks should be collected after wells with higher concentrations (if known) have been sampled; 
and 

 
• All monitoring instrumentation shall be operated in accordance with manufacturer’s instructions and the 

calibration procedures presented in Attachment O-1 of Appendix O.  Instruments should be calibrated at the 
beginning of each day and the calibration should be verified at the end of each day. 

 
V. Equipment Cleaning 
 
All groundwater sampling equipment should be cleaned prior to use in the first well and after each subsequent 
well using procedures presented in Appendix W. 
 
VI. Material Disposal 
 
Materials generated during groundwater sampling activities, including disposable equipment, will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing disposal 
practices. 
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U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE
FOR THE COLLECTION OF GROUND WATER SAMPLES

 FROM MONITORING WELLS

I. SCOPE & APPLICATION

This standard operating procedure (SOP) provides a general framework
for collecting ground water samples that are indicative of mobile
organic and inorganic loads at ambient flow conditions (both the
dissolved fraction and the fraction associated with mobile
particulates).  The SOP emphasizes the need to minimize stress by low
water-level drawdowns, and low pumping rates (usually less than 1
liter/min) in order to collect samples with minimal alterations to
water chemistry.  This SOP is aimed primarily at sampling monitoring
wells that can accept a submersible pump and have a screen, or open
interval length of 10 feet or less (this is the most common
situation).  However, this procedure is flexible and can be used in a
variety of well construction and ground-water yield situations. 
Samples thus obtained are suitable for analyses of ground water
contaminants (volatile and semi-volatile organic analytes,
pesticides, PCBs, metals and other inorganics), or other naturally
occurring analytes.  

This procedure does not address the collection of samples from wells
containing light or dense non-aqueous phase liquids (LNAPLs and
DNAPLs).  For this the reader may wish to check: Cohen, R.M. and J.W.
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC
(EPA/530-R-93-001).

The screen, or open interval of the monitoring well should be
optimally located (both laterally and vertically) to intercept
existing contaminant plume(s) or along flowpaths of potential
contaminant releases.  It is presumed that the analytes of interest
move (or potentially move) primarily through the more permeable zones
within the screen, or open interval.  

   Use of trademark names does not imply endorsement by U.S.EPA
   but is intended only to assist in identification of a specific
   type of device.
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Proper well construction and development cannot be overemphasized,
since the use of installation techniques that are appropriate to the
hydrogeologic setting often prevents "problem well" situations from
occurring.  It is also recommended that as part of development or
redevelopment the well should be tested to determine the appropriate
pumping rate to obtain stabilization of field indicator parameters
with minimal drawdown in shortest amount of time.  With this
information field crews can then conduct purging and sampling in a
more expeditious manner.

The mid-point of the saturated screen length (which should not exceed
10 feet) is used by convention as the location of the pump intake. 
However, significant chemical or permeability contrast(s) within the
screen may require additional field work to determine the optimum
vertical location(s) for the intake, and appropriate pumping rate(s)
for purging and sampling more localized target zone(s).  Primary flow
zones (high(er) permealability and/or high(er) chemical
concentrations) should be identified in wells with screen lengths
longer than 10 feet, or in wells with open boreholes in bedrock. 
Targeting these zones for water sampling will help insure that the
low stress procedure will not underestimate contaminant
concentrations.  The Sampling and Analysis Plan must provide clear
instructions on how the pump intake depth(s) will be selected, and
reason(s) for the depth(s) selected.

Stabilization of indicator field parameters is used to indicate that
conditions are suitable for sampling to begin.  Achievement of
turbidity levels of less than 5 NTU and stable drawdowns of less than
0.3 feet, while desirable, are not mandatory.  Sample collection may
still take place provided the remaining criteria in this procedure
are met.  If after 4 hours of purging indicator field parameters have
not stabilized, one of 3 optional courses of action may be taken:  a)
continue purging until stabilization is achieved, b) discontinue
purging, do not collect any samples, and record in log book that
stabilization could not be achieved (documentation must describe
attempts to achieve stabilization) c) discontinue purging, collect
samples and provide full explanation of attempts to achieve
stabilization (note: there is a risk that the analytical data
obtained, especially metals and strongly hydrophobic organic
analytes, may not meet the sampling objectives).

Changes to this SOP should be proposed and discussed when the site
Sampling and Analysis Plan is submitted for approval.  Subsequent
requests for modifications of an approved plan must include adequate
technical justification for proposed changes.  All changes and
modifications must be approved before implementation in field.

II.EQUIPMENT

A. Extraction device

Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or
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Teflon).

Adjustable rate, peristaltic pumps (suction) may be used with
caution.  Note that EPA guidance states:  "Suction pumps are not
recommended because they may cause degassing, pH modification, and
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).

The use of inertial pumps is discouraged.  These devices frequently
cause greater disturbance during purging and sampling and are less
easily controlled than the pumps listed above.  This can lead to
sampling results that are adversely affected by purging and sampling
operations, and a higher degree of data variability.

B. Tubing

Teflon or Teflon lined polyethylene tubing are preferred when
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics.

PVC, polypropylene or polyethylene tubing may be used when collecting
samples for inorganics analyses.  However, these materials should be
used with caution when sampling for organics.  If these materials are
used, the equipment blank (which includes the tubing) data must show
that these materials do not add contaminants to the sample. 

Stainless steel tubing may be used when sampling for VOCs, SVOCs,
pesticides, and PCBs.  However, it should be used with caution when
sampling for metals.

The use of 1/4 inch or 3/8 inch (inner diameter) tubing is preferred. 
This will help ensure the tubing remains liquid filled when operating
at very low pumping rates.
 
Pharmaceutical grade (Pharmed) tubing should be used for the section
around the rotor head of a peristaltic pump, to minimize gaseous
diffusion. 

C. Water level measuring device(s), capable of measuring to 0.01
foot accuracy (electronic “tape”, pressure transducer).  Recording
pressure transducers, mounted above the pump, are especially helpful
in tracking water levels during pumping operations, but their use
must include check measurements with a water level “tape” at the
start and end of each record.

D.  Flow measurement supplies (e.g., graduated cylinder and stop
watch).

E.  Interface probe, if needed.

F.  Power source (generator, nitrogen tank, etc.).  If a gasoline
generator is used, it must be located downwind and at least 30 feet
from the well so that the exhaust fumes do not contaminate the
samples. 
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G.  Indicator field parameter monitoring instruments - pH, Eh,
dissolved oxygen (DO), turbidity, specific conductance, and
temperature.  Use of a flow-through-cell is required when measuring
all listed parameters, except turbidity.  Standards to perform field
calibration of instruments.  Analytical methods are listed in 40 CFR
136, 40 CFR 141, and SW-846.  For Eh measurements, follow
manufacturer's instructions.  

H.  Decontamination supplies (for example, non-phosphate detergent,
distilled/deionized water, isopropyl alcohol, etc.).

I.  Logbook(s), and other forms (for example, well purging forms).

J.  Sample Bottles.

K.  Sample preservation supplies (as required by the analytical
methods).

L.  Sample tags or labels.

M.  Well construction data, location map, field data from last
sampling event.

N.  Well keys.

O.  Site specific Sample and Analysis Plan/Quality Assurance Project
Plan.

P.  PID or FID instrument (if appropriate) to detect VOCs for health
and safety purposes, and provide qualitative field evaluations.

III.PRELIMINARY SITE ACTIVITIES

Check well for security damage or evidence of tampering, record
pertinent observations.

Lay out sheet of clean polyethylene for monitoring and sampling
equipment.

Remove well cap and immediately measure VOCs at the rim of the well
with a PID or FID instrument and record the reading in the field
logbook.

If the well casing does not have a reference point (usually a V-cut
or indelible mark in the well casing), make one.  Describe its
location and record the date of the mark in the logbook.
  
A synoptic water level measurement round should be performed (in the
shortest possible time) before any purging and sampling activities
begin.  It is recommended that water level depth (to 0.01 ft.) and
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total well depth (to 0.1 ft.) be measured the day before, in order to
allow for re-settlement of any particulates in the water column.  If
measurement of total well depth is not made the day before, it should
not be measured until after sampling of the well is complete.  All
measurements must be taken from the established referenced point. 
Care should be taken to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs
before the initial sampling round.  If none are encountered,
subsequent check measurements with an interface probe are usually not
needed unless analytical data or field head space information signal
a worsening situation.  Note: procedures for collection of LNAPL and
DNAPL samples are not addressed in this SOP.

IV.PURGING AND SAMPLING PROCEDURE

Sampling wells in order of increasing chemical concentrations (known
or anticipated) is preferred.

1.  Install Pump

Lower pump, safety cable, tubing and electrical lines slowly (to
minimize disturbance) into the well to the midpoint of the zone to be
sampled.  The Sampling and Analysis Plan should specify the sampling
depth, or provide criteria for selection of intake depth for each
well (see Section I).  If possible keep the pump intake at least two
feet above the bottom of the well, to minimize mobilization of
particulates present in the bottom of the well.  Collection of turbid
free water samples may be especially difficult if there is two feet
or less of standing water in the well.

2.  Measure Water Level

Before starting pump, measure water level.  If recording pressure
transducer is used-initialize starting condition.

3.  Purge Well

3a. Initial Low Stress Sampling Event

Start the pump at its lowest speed setting and slowly increase the
speed until discharge occurs.  Check water level.  Adjust pump speed
until there is little or no water level drawdown (less than 0.3
feet).  If the minimal drawdown that can be achieved exceeds 0.3 feet
but remains stable, continue purging until indicator field parameters
stabilize.

Monitor and record water level and pumping rate every three to five
minutes (or as appropriate) during purging.  Record any pumping rate
adjustments (both time and flow rate).  Pumping rates should, as
needed, be reduced to the minimum capabilities of the pump (for
example, 0.1 - 0.4 l/min) to ensure stabilization of indicator
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parameters.  Adjustments are best made in the first fifteen minutes
of pumping in order to help minimize purging time.  During pump
start-up, drawdown may exceed the 0.3 feet target and then "recover"
as pump flow adjustments are made.  Purge volume calculations should
utilize stabilized drawdown value, not the initial drawdown.  Do not
allow the water level to fall to the intake level (if the static
water level is above the well screen, avoid lowering the water level
into the screen).  The final purge volume must be greater than the
stabilized drawdown volume plus the extraction tubing volume.

Wells with low recharge rates may require the use of special pumps
capable of attaining very low pumping rates (bladder, peristaltic),
and/or the use of dedicated equipment.  If the recharge rate of the
well is lower than extraction rate capabilities of currently
manufactured pumps and the well is essentially dewatered during
purging, then the well should be sampled as soon as the water level
has recovered sufficiently to collect the appropriate volume needed
for all anticipated samples (ideally the intake should not be moved
during this recovery period).  Samples may then be collected even
though the indicator field parameters have not stabilized.

3b. Subsequent Low Stress Sampling Events

After synoptic water level measurement round, check intake depth and
drawdown information from previous sampling event(s) for each well. 
Duplicate, to the extent practicable, the intake depth and extraction
rate (use final pump dial setting information) from previous
event(s).  Perform purging operations as above.

4.  Monitor Indicator Field Parameters

During well purging, monitor indicator field parameters (turbidity,
temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate).  Note: during the early
phase of purging emphasis should be put on minimizing and stabilizing
pumping stress, and recording those adjustments.  Purging is
considered complete and sampling may begin when all the above
indicator field parameters have stabilized.  Stabilization is
considered to be achieved when three consecutive readings, taken at
three (3) to five (5) minute intervals, are within the following
limits:

turbidity (10% for values greater than 1 NTU),
DO (10%),
specific conductance (3%),
temperature (3%), 
pH (± 0.1 unit),
ORP/Eh (± 10 millivolts).

All measurements, except turbidity, must be obtained using a flow-
through-cell.  Transparent flow-through-cells are preferred, because
they allow field personnel to watch for particulate build-up within
the cell.  This build-up may affect indicator field parameter values
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measured within the cell and may also cause an underestimation of
turbidity values measured after the cell.  If the cell needs to be
cleaned during purging operations, continue pumping and disconnect
cell for cleaning, then reconnect after cleaning and continue
monitoring activities.

The flow-through-cell must be designed in a way that prevents air
bubble entrapment in the cell.  When the pump is turned off or
cycling on/off (when using a bladder pump), water in the cell must
not drain out.  Monitoring probes must be submerged in water at all
times.  If two flow-through-cells are used in series, the one
containing the dissolved oxygen probe should come first (this
parameter is most susceptible to error if air leaks into the system).

5.  Collect Water Samples

Water samples for laboratory analyses must be collected before water
has passed through the flow-through-cell (use a by-pass assembly or
disconnect cell to obtain sample).

VOC samples should be collected first and directly into pre-preserved
sample containers.  Fill all sample containers by allowing the pump
discharge to flow gently down the inside of the container with
minimal turbulence. 

During purging and sampling, the tubing should remain filled with
water so as to minimize possible changes in water chemistry upon
contact with the atmosphere.  It is recommended that 1/4 inch or 3/8
inch (inside diameter) tubing be used to help insure that the sample
tubing remains water filled.  If the pump tubing is not completely
filled to the sampling point, use one of the following procedures to
collect samples:  (1) add clamp, connector (Teflon or stainless
steel) or valve to constrict sampling end of tubing; (2) insert small
diameter Teflon tubing into water filled portion of pump tubing
allowing the end to protrude beyond the end of the pump tubing,
collect sample from small diameter tubing; (3) collect non-VOC
samples first, then increase flow rate slightly until the water
completely fills the tubing, collect sample and record new drawdown,
flow rate and new indicator field parameter values.

Add preservative, as required by analytical methods, to samples
immediately after they are collected if the sample containers are not
pre-preserved.  Check analytical methods (e.g. EPA SW-846, water
supply, etc.) for additional information on preservation.  Check pH
for all samples requiring pH adjustment to assure proper pH value. 
For VOC samples, this will require that a test sample be collected
during purging to determine the amount of preservative that needs to
be added to the sample containers prior to sampling.  

If determination of filtered metal concentrations is a sampling
objective, collect filtered water samples using the same low flow
procedures. The use of an in-line filter is required, and the filter
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size (0.45 um is commonly used) should be based on the sampling
objective.  Pre-rinse the filter with approximately 25 - 50 ml of
ground water prior to sample collection.  Preserve filtered water
sample immediately.  Note:  filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring
objective is to obtain chemical concentrations of total mobile
contaminants in ground water for human health risk calculations.

Label each sample as collected.  Samples requiring cooling (volatile
organics, cyanide, etc.) will be placed into a cooler with ice or
refrigerant for delivery to the laboratory.  Metal samples after
acidification to a pH less than 2 do not need to be cooled.

6.  Post Sampling Activities

If recording pressure transducer is used, remeasure water level with
tape.   

After collection of the samples, the pump tubing may either be
dedicated to the well for resampling (by hanging the tubing inside
the well), decontaminated, or properly discarded.  

Before securing the well, measure and record the well depth (to 0.1
ft.), if not measured the day before purging began.  Note:
measurement of total well depth is optional after the initial low
stress sampling event.  However, it is recommended if the well has a
“silting” problem or if confirmation of well identity is needed.

Secure the well.

V.DECONTAMINATION 

Decontaminate sampling equipment prior to use in the first well and
following sampling of each subsequent well.  Pumps will not be
removed between purging and sampling operations.  The pump and tubing
(including support cable and electrical wires which are in contact
with the well) will be decontaminated by one of the procedures listed
below.  

Procedure 1

The decontaminating solutions can be pumped from either buckets or
short PVC casing sections through the pump or the pump can be
disassembled and flushed with the decontaminating solutions.  It is
recommended that detergent and isopropyl alcohol be used sparingly
in the decontamination process and water flushing steps be extended
to ensure that any sediment trapped in the pump is removed.  The
pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well.  The procedure is as follows:

Flush the equipment/pump with potable water.
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Flush with non-phosphate detergent solution.  If the solution is
recycled, the solution must be changed periodically.

Flush with potable or distilled/deionized water to remove all of
the detergent solution.  If the water is recycled, the water must
be changed periodically.

Flush with isopropyl alcohol (pesticide grade).  If  equipment
blank data from the previous sampling event show that the level of
contaminants is insignificant, then this step may be skipped. 

Flush with distilled/deionized water.  The final water rinse must
not be recycled.

Procedure 2

Steam clean the outside of the submersible pump.

Pump hot potable water from the steam cleaner through the inside of
the pump.  This can be accomplished by placing the pump inside a
three or four inch diameter PVC pipe with end cap.  Hot water from
the steam cleaner jet will be directed inside the PVC pipe and the
pump exterior will be cleaned.  The hot water from the steam
cleaner will then be pumped from the PVC pipe through the pump and
collected into another container.  Note: additives or solutions
should not be added to the steam cleaner.

Pump non-phosphate detergent solution through the inside of the
pump.  If the solution is recycled, the solution must be changed
periodically.  

Pump potable water through the inside of the pump to remove all of
the detergent solution.  If the solution is recycled, the solution
must be changed periodically.

 
Pump distilled/deionized water through the pump.  The final water
rinse must not be recycled.

VI.FIELD QUALITY CONTROL

Quality control samples are required to verify that the sample
collection and handling process has not compromised the quality of
the ground water samples.  All field quality control samples must be
prepared the same as regular investigation samples with regard to
sample volume, containers, and preservation.  The following quality
control samples shall be collected for each batch of samples (a batch
may not exceed 20 samples).  Trip blanks are required for the VOC
samples at a frequency of one set per VOC sample cooler. 

Field duplicate.

Matrix spike.
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Matrix spike duplicate.

Equipment blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler).

Equipment blank shall include the pump and the pump's tubing.  If
tubing is dedicated to the well, the equipment blank will only
include the pump in subsequent sampling rounds.

Collect samples in order from wells with lowest contaminant
concentration to highest concentration.  Collect equipment blanks
after sampling from contaminated wells and not after background
wells.

Field duplicates are collected to determine precision of sampling
procedure.  For this procedure, collect duplicate for each analyte
group in consecutive order (VOC original, VOC duplicate, SVOC
original, SVOC duplicate, etc.).

If split samples are to be collected, collect split for each analyte
group in consecutive order (VOC original, VOC split, etc.).  Split
sample should be as identical as possible to original sample.

All monitoring instrumentation shall be operated in accordance with
EPA analytical methods and manufacturer's operating instructions. 
EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW-
846 with exception of Eh, for which the manufacturer's instructions
are to be followed.  Instruments shall be calibrated at the beginning
of each day.  If a measurement falls outside the calibration range,
the instrument should be re-calibrated so that all measurements fall
within the calibration range.  At the end of each day, check
calibration to verify that instruments remained in calibration. 
Temperature measuring equipment, thermometers and thermistors, need
not be calibrated to the above frequency.  They should be checked for
accuracy prior to field use according to EPA Methods and the
manufacturer's instructions.    

VII.FIELD LOGBOOK

A field log shall be kept to document all ground water field
monitoring activities (see attached example matrix), and record all
of the following:

Well identification.

Well depth, and measurement technique.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and
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detection method.

Pumping rate, drawdown, indicator parameters values, and clock
time, at the appropriate time intervals; calculated or measured
total volume pumped.

Well sampling sequence and time of each sample collection.

Types of sample bottles used and sample identification numbers.

Preservatives used.

Parameters requested for analysis.

Field observations during sampling event.

Name of sample collector(s).

Weather conditions.

QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling equipment used, including trade names,
model number, diameters, material composition, etc.

VIII. DATA REPORT

Data reports are to include laboratory analytical results, QA/QC
information, and whatever field logbook information is needed to
allow for a full evaluation of data useability.



                                      EXAMPLE (Minimum Requirements)               Page____of____
Well PURGING-FIELD WATER QUALITY MEASUREMENTS FORM 

Location  (Site/Facility Name)_________________________ Depth to     _______/________ of screen
Well Number_________________Date_______________________ (below MP)     top    bottom
Field Personnel________________________________________ Pump Intake at (ft. below MP)_______________
Sampling Organization__________________________________ Purging Device; (pump type)_________________
Identify MP____________________________________________

Clock Water Pump Purge Cum. Temp. Spec. pH ORP/ DO Turb- Comments
Time Depth Dial  Rate Volume Cond. Eh idity

24 HR ft ml/min liters C  µS/cm mv mg/L NTU

below Purged   
MP

1

 

2 3

   

 1. Pump dial setting (for example: hertz, cycles/min, etc).
 2. µSiemens per cm(same as µmhos/cm)at 25 C.
 3. Oxidation reduction potential (stand in for Eh).
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GROUNDWATER SAMPLING LOG

Well No. Site/GMA  Name  
Key No. Sampling Personnel  

Date  
Weather  

WELL INFORMATION Sample Time 
  Reference Point Marked?  Y       N Sample ID 

  Height of Reference Point Meas. From Duplicate ID 
  Well Diameter MS/MSD 

  Screen Interval Depth Meas. From Split Sample ID 
  Water Table Depth Meas. From 

  Well Depth Meas. From Required Analytical Parameters: Collected
 Length of Water Column (           )  VOCs (Standard List) (           )  

 Volume of Water in Well (           )  VOCs  (Expanded List) (           )  

  Intake Depth of Pump/Tubing Meas. From (           )  SVOCs (           )  

(           )  PCBs (Unfiltered) (           )  

Reference Point Identification: (           )  PCBs (Filtered) (           )  

TIC:  Top of Inner (PVC) Casing (           )  Metals/Inorganics (Unfiltered) (           )  

TOC:  Top of Outer (Protective) Casing (           )  Metals/Inorganics (Filtered) (           )  

Grade/BGS:  Ground Surface (           )  Total Cyanide (Unfiltered) (           )  

(           )  Total Cyanide (Filtered) (           )  

Redevelop?      Y       N (           )  PAC Cyanide (Filtered) (           )  

(           )  PCDDs/PCDFs (           )  

(           )  Pesticides/Herbicides (           )  

(           )  Natural Attenuation (           )  

EVACUATION INFORMATION (           )  Other (Specify) (           )  

Pump Start Time 
Pump Stop Time Evacuation Method:     Bailer  (    )          Bladder Pump  (    )  

Peristaltic Pump  (    )           Submersible Pump  (    )            Other/Specify   (    )
Pump Type:

   Y         N Samples collected by same method as evacuation?      Y      N  (specify)

Water Quality Meter Type(s) / Serial Numbers:  

Pump Total Water Temp. pH Sp. Cond. Turbidity DO ORP
Time Rate Gallons Level (Celsius) (mS/cm) (NTU) (mg/l) (mV)

(L/min.) Removed (ft TIC) [3%]* [0.1 units]* [3%]* [10% or 1 NTU]* [10% or 0.1 mg/l]* [10 mV]*

PID Background (ppm) 

Minutes of Pumping 
Volume of Water Removed 

Did Well Go Dry? 

Well Headspace (ppm) 

V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxD-AttaD-2.xls Page 1 of 2  
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GROUNDWATER SAMPLING LOG

Well No. Site/GMA  Name  
Sampling Personnel  

Date  
Weather  

WELL INFORMATION - See Page 1

Pump Total Water Temp. pH Sp. Cond. Turbidity DO ORP
Time Rate Gallons Level (Celsius) (mS/cm) (NTU) (mg/l) (mV)

(L/min.) Removed (ft TIC) [3%]* [0.1 units]* [3%]* [10% or 1 NTU]* [10% or 0.1 mg/l]* [10 mV]*
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Representative Sample Label 
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Appendix E 

Surface Water Sampling Procedures 
 
I.  Introduction 
 
This appendix specifies several types of surface water sampling procedures.  These include procedures for collecting 
surface water samples for subsequent chemical analysis; the procedures for obtaining velocity profile measurements 
at selected river/stream cross-sections; and the procedures for installing and using maximum-minimum 
thermometers to measure water column temperature. 
 
II.  Surface Water Sampling for Chemical Analysis 
 
This section specifies the procedures for collecting surface water samples for chemical analysis.  Several methods 
for collecting surface water samples are available, depending on the type of surface water to be sampled (i.e., rivers, 
streams, discharges, ponds, or impoundments).  Regardless of the sample collection method used, sampling will not 
take place during precipitation events (unless so specified in the project-specific work plan), and samples will be 
obtained beginning with the most downstream location and proceeding upstream. 
 
Materials 
 
The following materials will be available, as required, during surface water sampling. 
 

• Health and safety equipment (as required by the Health and Safety Plan); 
• Cleaning equipment (as required in Appendix W); 
• Boat; 
• Rope; 
• Surveyor=s rod and/or 6-foot rule; 
• Duct tape; 
• Measuring tape; 
• Thermometer; 
• Electromagnetic velocity meter; 
• Large glass mixing container; 
• Peristaltic pump; 
• Medical-grade silicone tubing; 
• Teflon7 tubing; 
• Teflon7 stirring rod; 
• Beaker or equivalent glass measuring device; 
• Field notebook; 
• Conductivity/temperature meter; 
• pH meter; 
• 0.45 micron Versapor membrane in-line disposable filter; 
• Appropriate blanks (trip), if necessary; 
• Appropriate sampling containers and forms; 
• Appropriate preservatives (as required); 
• Coolers with ice or Ablue@ ice; and 
• Appropriate water sampler as specified in the project-specific work plan, which may include following: 
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• Surface water grab sampler (Attachment E-3) consisting of a 1,000 mL beaker, adjustable clamp, and two-or 
three-piece telescoping aluminum tube or an equivalent acceptable sampling device; or 

• Peristaltic pump with a short piece of medical-grade silicone tubing and with Teflon7 tubing; or  
• Kemmerer stainless steel bottle sampler (Attachment E-4). 

 
Procedures 
 

A.  The following procedures will be used to obtain grab samples: 
 

Step 1  - Identify surface water sampling location on appropriate sampling log sheet (Attachment E-1) and/or 
field notebook along with other appropriate information; 

 
Step 2  - Don health and safety equipment (as required by the Health and Safety Plan); 

 
Step 3  - Clean the sampling equipment in accordance with the procedures in Appendix W; 

 
Step 4  - Assemble the water grab sampler (Attachment E-3).  Make sure that the sampling beaker and the 

bolts and nuts that secure the clamp to the pole are tightened properly; 
 

Step 5  - Obtain sample by slowly submerging the beaker with minimal surface disturbance (if sampling a 
stream, the beaker opening will be upstream) to a depth that is 0.5 times the total water depth, unless 
otherwise specified in the project specific work plan; 

 
Step 6  - Retrieve the water sampler from the surface water with minimal disturbance; 

 
Step 7  - Remove the cap from the large glass mixing container and slightly tilt the mouth of the container 

below the sampling device; 
 

Step 8  - Empty the sampler slowly, allowing the sample stream to flow gently down the side of the container 
with minimal entry turbulence; 

 
Step 9  - Continue delivery of the sample until the mixing container contains a sufficient volume for all 

laboratory samples; 
 

Step 10 - Mix the entire sample volume with the Teflon7 stirring rod and transfer the appropriate volume into 
the laboratory sample jar.  (Volatile samples will not be homogenized.)  Preserve samples as 
specified in Table 1 of the FSP/QAPP; 

 
Step 11 - When sampling for volatiles, surface water samples will be collected directly from the water sampler 

to 40 mL vials with Teflon7 liners; 
 

Step 12 - The sample collection order (as appropriate) will be as follows: 
 

1. VOCs; 
2. TOC; 
3. SVOCs; 
4. Metals and cyanide; and 
5. Others. 
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Step 13 - If sampling for total and filtered metals, a filtered and unfiltered sample will be collected.  Sample 
filtration for the filtered sample will be performed in the field utilizing a peristaltic pump prior to 
preservation.  Install new medical-grade silicone tubing in the pump head.  Place new Teflon7 tubing 
into the sample mixing container and attach to the intake side of pump tubing.  Attach (clamp) a new 
0.45 micron filter to the discharge side of the pump tubing (noting the correct filter flow direction).  
Turn the pump on and dispense the filtered liquid directly into the laboratory sample bottles. 

 
Step 14 - If sampling for total and filtered PCBs, two samples must be collected, one of which will be filtered 

by the laboratory prior to analysis; 
 

Step 15 - Secure the sample jar cap(s) tightly; 
 

Step 16 - Label all sample containers as appropriate, as discussed in Appendix L; 
 

Step 17 - After sample containers have been filled, fill a beaker or glass container with the water sample and 
measure the pH and conductivity, as discussed in Appendix O. 

 
Step 18 - Measure the water temperature about 1-foot below the surface and measure the ambient air 

temperature; 
 

Step 19 - Record required information on the appropriate forms and/or field notebook; and 
 

Step 20 - Handle, pack, and ship the samples in accordance with the procedures in Appendix L. 
 
B.  To obtain surface water samples at depth from lakes (including Silver Lake), ponds, and impoundments, a 

peristaltic pump (Attachment E-4) will be used, and the following procedures will be followed: 
 

Step 1  - Identify sampling location on appropriate sampling log sheet (Attachment E-2) and/or field notebook 
along with other appropriate information; 

 
Step 2 - Don personal protective equipment (as required by the Health and Safety Plan); 

 
Step 3 - Clean the sampling equipment in accordance with the procedure in Appendix W; 

 
Step 4 - Install clean, medical-grade silicone tubing in the pump head, as per the manufacturer=s instructions.  

Allow sufficient tubing on the discharge side to facilitate convenient dispensation of liquid into 
sample bottles and only enough on the suction end for attachment to the intake line.  This practice 
will minimize sample contact with the silicone pump tubing; 

 
Step 5 - Select the length of Teflon7 tubing necessary to reach the required sample depth and attach to intake 

side of pump tubing.  Taping the Teflon7 tube to a surveyor=s rod will facilitate reaching the required 
depth; 

 
Step 6  - If possible, allow several liters of sample to pass through the system before actual sample collection. 

 Collect this purge volume and then return to source after the sample aliquot has been withdrawn; 
 

Step 7  - Using a graduated cylinder or beaker as a measuring device, collect equal volumes of water at depths 
equaling 0.2, 0.5, and 0.8 times the total water depth, 
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Step 8  - If sampling for VOCs, a Kemmerer stainless steel bottle sampler (as shown in Attachment E-4) will 
be used in place of the peristaltic pump.  To collect the sample, lower the Kemmerer bottle to mid-
depth and release the trigger.  Raise the Kemmerer bottle from the water column with minimal 
disturbance. 

 
Step 9  - If sampling for total and filtered metals, a filtered and unfiltered sample will be collected.  Sample 

filtration for the filtered sample will be performed in the field utilizing a peristaltic pump prior to 
preservation.  Install new medical-grade silicone tubing in the pump head.  Place new Teflon7 tubing 
into the sampling mixing container and attach to the intake side of pump tubing.  Attach (clamp) a 
new 0.45 micron filter to the discharge side of the pump tubing (noting the correct filter flow 
direction).  Turn the pump on and dispense the filtered liquid directly into the laboratory sample 
bottles; 

 
Step 10 - If sampling for total and filtered PCBs, two samples must be collected, one of which will be filtered 

by the laboratory prior to analysis; 
 

Step 11 - The samples taken from the three depths noted above will be combined into one composite sample 
for the given location; 

 
Step 12 - After sample collection, follow steps 7 through 19 described in the preceding Section II.A; and 

 
Step 13 - All tubing will be discarded between sampling locations and not re-used. 

 
III.  Velocity Profile Measurement Procedures 
 
The following materials will be required for this activity: 
 

• Health and safety equipment (as required by the Health and Safety Plan); 
• Field notebook and pen; 
• Calculator; 
• Boat; 
• Rope; 
• Surveyor=s rod; 
• Duct tape; 
• Measuring tape; and 
• Electromagnetic velocity meter. 
 

Note: Based on extensive past experience in obtaining velocity measurements in the Housatonic River, the 
electromagnetic velocity meter is the most appropriate flow measurement device for measuring velocity in 
the river=s different flow regimes and channel configurations. 

 
The following procedures will be used to determine the velocity profile at river/stream cross sections: 
 

Step 1  - Don personal protective equipment (as required in the Health and Safety Plan). 
 

Step 2  - Extend rope across the river/steam. 
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Step 3  - Measure the width of the river/stream, then divide and mark into equally spaced measurement 
locations.  For rivers/streams less than 30 feet in width, the spacing should be 5 feet.  For rivers/streams 
between 30 feet and 100 feet in width, the spacing should be 10 feet; and for rivers/streams greater than 
100 feet in width, the spacing should be 20 feet. 

 
Step 4  - Calibrate velocity meter as per manufacturer=s specifications. 

 
Step 5  - Lower the surveyor=s rod and measure and record the water depth to the nearest 0.1 foot at each 

measurement location. 
 

Step 6  - Velocities will be determined using the two-point method.  Attach the velocity meter probe to the 
surveyor=s rod, measure, and record the  velocity in feet per second at depths equaling 0.2 and 0.8 times 
the total river depth at each measurement location.  Average the two velocity measurements to obtain 
the average velocity for that vertical section. 

 
Step 7  - Record all measurements in field notebook. 

 
Step 8  - Calculate the river flow rate by multiplying the average velocity reading for a particular vertical section 

times the area represented  by the portion of the total cross-section extending half-way to the adjacent 
vertical sections (i.e., the Avelocity-area method@).  The total flow rate is the sum of the flow of the 
partial sections. 

 
QT =  V1 A1 + V2 A2 + ... + Vn An 

 
Where: QT = Total flow in cubic feet per second 

 
V1-n = Average velocity for a vertical section in feet per second 
A1-n = Cross-section area extending half-way to the adjacent vertical sections in square feet. 

 
IV.  Maximum-Minimum Thermometer Gauging 
 
At several sites on the Housatonic River, the temperatures of the water column will be measured and recorded 
throughout a given season through the use of maximum-minimum (max-min) thermometers.  Following installation, 
the thermometers will be checked periodically to monitor temperatures.  The purpose of such measurements is to 
provide information regarding potential impacts of water temperature on fish distribution in the river. 
 
The following materials will be required for this activity: 
 

• Max-min thermometers; 
• Wooden stake, rebar, and/or wire for fastening thermometer to stream bottom; 
• String; 
• Waders; and 
• Appropriate data sheets. 

 



Surface Water Sampling 
Revision  #: 00 

Date: September 13, 2000 
  
 

BLASLAND, BOUCK & LEE, INC.  
2/10/06 engineers, scientists, economists E-6 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxE.doc  

The following procedures will be followed in installing the max-min thermometers and using them to record water 
temperature: 
 

Step 1  - Each thermometer should be placed at a fixed point in the river that  allows it to be submerged 
throughout the summer at both high and low flows.  The location should be somewhat hidden to 
discourage tampering, but should be conveniently located to facilitate reading. 

 
Step 2  - The thermometer should be tied with string to a fixed object so that if it becomes dislodged, it will not 

be lost downstream. 
 

Step 3  - The thermometer should be read periodically (as specified in the work plan), recording the maximum 
and minimum temperatures that have occurred since the last reading as well as the present temperature. 

 
Step 4  - The max-min markers in the thermometer should be reset to the current temperature after being read.  

The thermometer should then be returned to the stream. 
 
V.  Duplicate Sample Collection 
 
Collection of duplicates involves the collection of two independent samples.  The sample collection procedures are 
repeated at the same location and sample depth to the extent possible.  The sample device (e.g., Kemmerer bottle) is 
sent down to a specific depth, retrieves the sample, and is brought to the surface, and the sample is transferred to the 
duplicate sample container.  If a peristaltic pump is used to collect the samples, the sample container is filled first for 
the sample, and then the duplicate sample container is filled.  The duplicate sample will be labels in such a way that 
the sample descriptions will not indicate the duplicate nature of the samples. 
 
VI.  Survey 
 
A field survey control program will be conducted using standard instrument survey techniques to document the 
surface water sampling locations when necessary to have record of the exact location.  Generally, to accomplish this, 
a local control baseline will be set up.  This local baseline control may then be tied into the appropriate vertical and 
horizontal datum such as the National Geodetic Vertical Datum of 1929 and the State Plane Coordinate System. 
 
VII.  Equipment Cleaning 
 
Equipment cleaning will occur at the beginning of each sampling event and between each sampling location as 
described in Appendix W. 
 
 
VIII.  Disposal Methods 
 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going disposal 
practices. 
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Attachment E-2  
Peristaltic Pump Sampler Field Log
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Surface Water Grab Sampler
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Kemmerer Bottle 
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Appendix F 
 
Sediment Sampling  
 
I. Introduction 
 
The general procedures utilized to obtain sediment samples from rivers, streams, ponds, or impoundments are 
outlined below.  Lexan® tubing will be the primary method used to collect sediment cores.  The core will be 
inserted with a straight, vertical entry into the sediments so as to secure a reliably representative cross-section 
sample. 
 
If specified in the project-specific work plan, reconnaissance and sediment probing will be conducted prior to 
sediment sampling in rivers, streams, ponds, or impoundments to identify areas of significant sediment 
deposition.  Sediment probing will be accomplished by floating in a boat and/or by wading along shallow areas 
and physically probing with a metal rod for sediment deposition areas.  Sediment sampling locations will be 
selected from data collected during the field during reconnaissance. 
 
Procedures to be utilized for sediment harvesting, sediment traps, and settleability testing are provided as 
Attachments F-1, F-2, and F-3, respectively. 
 
II. Sediment Reconnaissance/Probing Procedures 
 
A.    Materials 
 
The following materials will be available as required during sediment reconnaissance activities: 
 

• health and safety equipment, as required by the Health and Safety Plan (HASP); 
• boat; 
• flagging; 
• field notebook; 
• surveyor’s rod or 6-foot rule; 
• measuring tape; and 
• metal rod graduated for sediment depth measurement. 

 
B.    Procedures 
 
Step 1 - Identify the site limits (area to be probed) and locate position on aerial photographs or detailed 

mapping. 
 
Step 2 - Don personal protective equipment (PPE), as required by the HASP. 
 
Step 3 - Begin physically probing for sediments with a metal rod by floating in a boat and/or by wading along 

the identified area.  Probe the bottom at regular intervals (i.e., if in a stream area, probe along both 
sides of channel and across the mid-section of the stream) to identify the location of significant 
sediment deposits.  Soft areas which are penetrable with the rod will be considered sediment deposits.  
As sediment deposits are located, each will be marked with flagging and plotted on an aerial 
photograph or detailed mapping of the probed area. 

 
Step 4 - Probe the sediment deposit area to determine the approximate average sediment depth; 
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Step 5 - Obtain the approximate measurements of the sediment deposits to determine surface area. 
 
Step 6 - Record the following information in the field record book: approximate location, date, personnel, 

weather, average sediment depth, length and width of sediment deposit, average water depth cover, 
stream width, sediment type, type of depositional environment, and any other pertinent comments. 

 
III. Sediment Sampling 
 
A.    Materials 
 
The following materials will be available, as required, during sediment sampling activities. 
 

• health and safety equipment, as required by the HASP; 
• cleaning equipment, as required in Appendix W; 
• boat; 
• Teflon® sheet or stainless steel tray; 
• duct tape; 
• Lexan® tubing with end caps; 
• brass push rod; 
• graduated rod for sediment depth measurement; 
• hacksaw; 
• vacuum pump; 
• end cap with appropriate fitting for vacuum pump attachment; 
• Teflon® tubing; 
• 6-foot rule or survey rod; 
• transport container with ice or “blue” ice; 
• appropriate sample containers and forms; and 
• field notebook. 

 
B.    Procedures  

 
Step 1 - Identify the proposed sample location on the sampling log sheet (Attachment F-4) and/or field 

notebook, along with other appropriate information collected during sediment sampling activities. 
 
Step 2 - Don PPE, as required by the HASP. 
 
Step 3 - At each sample location, lower a section of Lexan® tube until it just reaches the top of sediment.  

Measure the depth of water.  (Sections of Lexan® tube may need to be spliced together in deep water 
locations.)   

 
Step 4 - Push the Lexan® tube into the sediment by hand until refusal.  Measure the depth of sediment.  If 

procedure is being performed to determine sediment depth, a calibrated rod may be used in place of 
the Lexan® tube.  If procedure is being performed to collect samples for laboratory analysis, continue 
with Step 5. 

 
Step 5 - Drive the tube several more inches using a stainless steel core driver block and measure the distance.  

This procedure is performed to obtain a “plug” at the bottom of the core and prevent the loose 
sediment from escaping. 
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Step 6 - Place a vacuum pump on the top end of the Lexan® tube (using a modified end cap with a fitting for 
attachment of the vacuum pump) and create a vacuum to prevent the sediments/plug from escaping.  
The vacuum is applied to the water column on top of the sediment core and does not directly affect the 
sediment sample to minimize the potential loss of volatile organic compounds (VOCs).  In addition, 
when VOC samples are to be collected, the application time and magnitude of the vacuum will be 
minimized to the extent practical. 

 
Step 7 - Slowly pull the tube from the sediment, twisting it slightly as it is removed (if necessary). 
 
Step 8 - Before the tube is fully removed from the water, place a cap on the bottom end of the tube while it is 

still submerged. 
 
Step 9 - Keeping the tube upright, wipe the bottom end dry, seal the cap with duct tape, and label.  Measure 

the length of sediment recovered and evaluate the integrity of the core.  If the core is not suitably 
intact, repeat coring procedure within 5 to 10 feet of the first location attempted. 

 
Step 10 - Transport the core sample to the shore. 
 
Step 11 - While still keeping the core upright, use a hacksaw to make a horizontal cut in the tube approximately 

1 inch above the sediment.  After cutting, carefully pour off any excess standing water. 
 
Step 12 - Re-cap the cut end of the tube, seal the cap with duct tape, and mark this end as “top.” 
 
Step 13 - Wipe the tube dry. 
 
Step 14 - Place a sample label on the tube. 
 
Step 15 - Record the following information on both the tube and on the cap: 1) sample number; 2) sampling 

date; and 3) sampling time. 
 
Step 16 - Place the core sample upright in a container on ice. 
 
Step 17 - Repeat the above procedures until all core samples are collected (for the sampling event or the 

sampling day). 
 
Step 18 - Sediment cores will be extruded from the Lexan® tubing onto a Teflon® sheet or stainless steel tray.  

Describe and record sample description. After extrusion, scrape the top of the core with a 
decontaminated stainless steel spatula to remove any Lexan® saw chips that may have accumulated 
during the tubing cutting procedure. 

 
Step 19 - Cores will be sectioned into depth-proportioned increments as specified in the work plan.  If sampling 

for VOCs, the core section will be placed immediately into the sample jar (without compositing) 
following extrusion from the Lexan® tubing. VOC samples will be collected following the procedures 
in Appendix A. 

 
Step 20 - Core sections may be frozen to facilitate sectioning when sediment is extremely loose. 
 
Step 21 - The saw or knife used to section the core should be cleaned (as described in Appendix W) between 

each cut. 
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Step 22 - Prepare equipment blank samples at the frequency specified in Table 4 of the Field Sampling Plan/ 
Quality Assurance Project Plan (FSP/QAPP) by collecting distilled/deionized water that has been 
used to rinse the hacksaw and a representative section of the Lexan® tubing. 

 
Step 23 - Label all sample containers with: 1) site; 2) project number; 3) location number; 4) sample interval; 5) 

date; 6) time of core collection; and 7) names of sampling personnel. 
 
Step 24 - Handle, pack, and ship the samples in accordance with the procedures in Appendix L. 
 
Step 25 - Record all appropriate information in the field notebook and sampling log form(s). 
 

IV. Duplicate Sample Collection 
 
Field duplicates will be prepared by compositing sediment collected from directly adjacent (within 6 inches) 
locations at the same time and depth and then transferring this material into two sets of sample jars.  For VOCs 
the samples will not be composited prior to placement in the sample jars.  Because of this, the VOC samples will 
not be truly duplicate samples.  The samples will be labeled in such a way that the designations will not indicate 
the duplicate nature of the samples. 
 
V.  Survey 
 
A field survey control program will be conducted using standard instrument survey techniques to document the 
sediment sampling location.  Generally, to accomplish this, a local control baseline will be set up.  This local 
baseline control may then be tied into the appropriate vertical and horizontal datum such as the National 
Geodetic Vertical Datum of 1929 and the State Plane Coordinate System. 
 
VI. Equipment Cleaning 
 
Equipment cleaning of the saw or knife used for core sample sectioning will be performed between each cut as 
described in Appendix W.  Equipment cleaning of any sampling equipment which is re-used at another sample 
location will be performed as described in Appendix W. 
 
VII. Disposal Methods 
 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going disposal 
practices. 
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Attachment F-1 
 
Sediment Harvesting Procedures 
 
I. Introduction 
 
The procedures below are for surface water filtration and suspended solids sample preparation related to the 
harvesting of surface water suspended solids. 
 
II. Materials 
 
The following equipment will be utilized, as necessary during sediment harvesting: 
 

• health and safety equipment, as required by the Health and Safety Plan (HASP); 
• cleaning equipment; 
• surface water composite sample (5 gallons) collected at mid-depth and mid-channel utilizing a 

peristaltic pump and the procedures in Appendix E; 
• stainless steel filter holder; 
• stainless steel forceps; 
• compressed nitrogen gas tank;  
• appropriate sample containers; 
• appropriate forms and/or field notebook; 
• insulated coolers with ice; and 
• 0.7-micron glass fiber filters. 

 
III. Filtration and Sample Preparation Procedures 
 
Step 1 - Remove 0.7-micron pore-size glass fiber filter from aluminum foil with stainless steel forceps. 
 
Step 2 - Place the glass fiber filter onto the stainless steel filter plate. 
 
Step 3 - Assemble filter holder. 
 
Step 4 - Add one liter of sample to the filter assembly reservoir. 
 
Step 5 - Attach hose from the compressed nitrogen canister to filter assembly and pressurize the filter 

assembly reservoir. 
 
Step 6 - When the one liter quantity of water is filtered, turn off nitrogen gas supply and release pressure from 

the reservoir. 
 
Step 7 - Repeat Steps 4 through 6 until flow rate through filter is significantly reduced due to clogging of the 

filter by sediments. 
 
Step 8 - When the filter becomes clogged, complete the filtering of the water present in the reservoir, turn off 

nitrogen gas supply, release pressure, and disassemble the filter holder. 
 
Step 9 - With forceps, gently remove the filter from the filter plate and place in aluminum foil wrap. 
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Step 10 - Record volume of water filtered through filter. 
 
Step 11 - Repeat Steps 1 through 10 until entire volume of water sample is filtered. 
 
Step 12 - Label wrap filter for shipment in cooler to the laboratory in accordance with procedures in    

Appendix L. 
 
Step 13 - Handle, pack, and ship cooler using the chain-of-custody procedures in accordance with Appendix L. 
 



 
 

 
 

 
 

Attachment F-2  
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Attachment F-2 
 
Sediment Trap Procedures 
 
This protocol describes the procedures to collect a representative sample of newly deposited sediments by using 
a fixed-location sediment trap. 
 
A. Materials 
 
The following materials will be available, as required, during installation and retrieval of the sediment trap. 
 

• health and safety equipment, as required by the Health and Safety Plan (HASP); 
• boat; 
• sediment trap (construction detailed below); 
• weight (for mooring the trap); 
• buoy; 
• rope; 
• end caps for Lexan® cylinder; 
• wide-mouth glass sample jar; 
• glass rod; 
• distilled water; and 
• transport container with ice. 

 
B. Procedure for Installing the Sediment Trap 
 
Step 1 - Identify the proposed sampling location. 
 
Step 2 - Measure depth to sediment/water interface (a minimum of approximately 5 feet is required). 
 
Step 3 - Place buoy in water. 
 
Step 4 - Slowly lower the sediment trap and attached mooring weight into the water until the weight rests on 

the bottom. 
 
Step 5 - Attach the rope from the sediment trap to the buoy. 
 
C. Procedure for Retrieval of Sediment Trap and Collection of Sample 
 
Step 1 - Locate buoy. 
 
Step 2 - Slowly raise the sediment trap and mooring weight to the surface. 
 
Step 3 - Inspect the cylinder and record sediment depth and other notable observations. 
 
Step 4 - Cap each cylinder for transport to shore, taking care to avoid agitation. 
 
Step 5 - On shore, remove each cylinder from the sediment trap frame and decant (or drain) off excess water 

above the sediment. 
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Step 6 - Transfer sediment/water mix to wide-mouth glass jar, compositing sediments from several cylinders 
until each jar is full. 

 
Step 7 - If sediment does not easily pour from a cylinder, dislodge sediments with a glass rod and rinse into 

sample jar with distilled water. 
 
Step 8 - From each sample jar, record the number of cylinders composited. 
 
Step 9 - Cap the sample jars and label according to procedures in Appendix L. 
 
Step 10 - Place the sample jars upright into a container with ice. 
  
Step 11 - Handle, pack, and ship the samples using the chain-of-custody procedures in accordance with 

Appendix L. 
 
D. Construction of Sediment Trap 
 
The proposed design of the sediment trap consists of a series of 2-inch-diameter, 15-inch-long Lexan® cylinders 
placed within a frame such that the collection area (top of cylinders) is 24 to 30 inches above the sediment bed.  
To provide sufficient surface collection area, multiple cylinders will be used for a single sediment trap.  The 
frame will be attached to a weight to keep it moored and to a buoy to keep it suspended approximately 1 foot off 
the bottom. 
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Sediment Sampling Log 
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Appendix G 

Dense Non-Aqueous Phase Liquid (DNAPL)/Light Non-Aqueous Phase Liquid (LNAPL)  Sampling Procedures 
 
I.  Introduction  
 
Light non-aqueous phase liquid (LNAPL) and dense non-aqueous phase liquid (DNAPL) samples may be collected 
to facilitate laboratory characterization of these materials.  Standard procedures for collecting LNAPL and DNAPL 
samples are presented in this Appendix. 
 
II.   Materials 
 
The following materials will be available, as required, during LNAPL/DNAPL sampling: 
 

• Photoionization detector (PID); 
• Health and safety equipment (as required in the Health and Safety Plan); 
• Cleaning Equipment (as required in Appendix W); 
• Plastic sheeting; 
• Field book or appropriate log forms; 
• Absorbent pads; 
• Peristaltic pump and pump tubing or bailer (stainless steel or Teflon7); 
• Non-absorbent cord (polypropylene); 
• Sample containers provided by laboratory; 
• Insulated coolers, ice, and appropriate packing material; 
• Resealable type bags; 
• Sample labels, and chain-of-custody (COC) forms; 
• Large heavy-duty garbage bags; 
• Teflon7 tubing;  
• Oil/water interface probe; and 
• Monitoring well keys (if required). 

 
III.   Procedures 
 

Step 1  - Review checklist and verify that the appropriate equipment has been assembled. 
 

Step 2  - Open well and perform water level/oil thickness measurement procedures in  accordance with 
Appendix Q. 

 
Step 3  - Identify site and well location on sampling log sheets along with date, arrival time, and weather 

conditions.  Identify the personnel and equipment utilized as well as other pertinent data requested on 
the logs (Attachment G-1). 

 
Step 4  - Label all sample containers with date, time, well number, site location, and sampling personnel present. 

 
Step 5  - Don a new pair of disposable gloves as required.  These gloves will be used for the entire sampling 

event and are well specific. 
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Step 6  - LNAPL is to be sampled utilizing a Teflon7 or stainless steel bailer decontaminated in accordance with 
Appendix W.  Alternatively, it may be removed utilizing a peristaltic pump with new Teflon7 tubing.  
If using a bailer, slowly lower bailer into the LNAPL layer, and then slowly retrieve the bailer to 
minimize disturbances to the NAPL layer.  If using a peristaltic pump, slowly lower the tubing into the 
LNAPL layer and begin pumping.  When finished, slowly remove tubing from the well. 

 
Step 7  - DNAPL is to be sampled utilizing a peristaltic pump with new Teflon7 tubing or a Teflon7 bailer.  The 

tubing should be slowly lowered through the overlying water column and into the DNAPL layer.  
When finished sampling, slowly remove tubing from the well to minimize disturbances to the NAPL 
layer.  If the DNAPL lies below the effective depth at which a peristaltic pump can draw liquid, a 
weighted Teflon7 bailer or alternative pumping method (e.g., down-hole pump) should be used to 
collect the sample. 

 
Step 8  - Obtain the LNAPL and or DNAPL sample needed for analysis with the pump or bailer and pour or 

pump the liquid directly from the sampling device into the appropriate container with proper label 
affixed and tightly screw on the cap. 

 
Step 9  - Note the time on the sample label and sampling log. 

 
Step 10 - Replace well cap and secure well. 

 
Step 11 - Clean all sampling equipment in accordance with Appendix W or dispose of equipment (see Section IV 

below). 
 

Step 12 - Collect all PPE and other wastes generated for disposal (see Section IV below). 
 

Step 13 - Record required information on the appropriate forms and/or field notebook. 
 

Step 14 - Handle, pack, and ship the samples in accordance with the procedures in Appendix L.  LNAPL/DNAPL 
may require additional packaging and labeling procedures as specified in Appendix M. 

 
IV.  Disposal Methods 
 
Waste materials generated during LNAPL/DNAPL sampling activities, including disposable equipment, will be 
disposed of in appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going 
disposal practices. 
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Example 
 

LNAPL/DNAPL Sampling Field Log 
 

 
Project:                                                                   Project No.        
 
Site       Sampling 
Name:                                                                  Personnel:         
 
        
 
        
 
        
 
          
 
Well No.:                                                                             Date:       
 

         Time:       
 

HNU/PID Reading:   Background     Well 
 
Weather:              
 
I.   WELL INFORMATION 
 

Reference Point Marked on Casing:    Y     N 
Length of inner casing:    ____ above, below grade 

 
Well Diameter:  ______ TIC   ______ TOC 
Length of outer casing:   _____ above, below grade 

 
Well Depth 

LNAPL Thickness  -    Vol. LNAPL Removed ________ 
DNAPL Thickness  -    Vol. LNAPL Removed ________ 
Water Thickness  - 

 
II.   WELL SAMPLING 
 

Lab Sample No.   Time Sampled   Material Sampled 
 
 
 
III. MISC. OBSERVATIONS 
 

______________________________________________________________________________   
 
______________________________________________________________________________  
 
______________________________________________________________________________     
 
______________________________________________________________________________     
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Appendix H 
 
Biota Sampling Procedures 
 
I. Introduction 
 
This Appendix specifies the procedures for certain types of biota sampling that may be conducted in 
Massachusetts pursuant to the Consent Decree for the GE-Pittsfield/Housatonic River Site, the Reissued RCRA 
corrective action permit for the Rest of the River portion of that Site, or the Administrative Consent Order 
(ACO) executed by GE and the Massachusetts Department of Environmental Protection (MDEP) for certain off-
site properties.  These include: (a) procedures for the collection and processing of samples of aquatic vertebrates 
(fish and bullfrogs) for chemical analysis of their tissue; (b) procedures for aging fish (if appropriate); (c) 
procedures for the installation, sampling, and processing of caged bivalves (mussels) to monitor 
bioaccumulation; and (d) procedures for conducting a survey of benthic macroinvertebrates in order to assess 
bioturbation potential.  For other types of biota sampling (if appropriate), the sampling and analysis procedures 
will be presented in the work plan proposing such sampling (if such sampling is proposed to U.S. Environmental 
Protection Agency [EPA] or MDEP for approval) or in other documents relating to such investigations. 
 
The procedures for collection and analysis of biota samples from the Connecticut portion of the Housatonic 
River will be those presented in Attachment H-2 to this Appendix, prepared by the Academy of Natural 
Sciences of Philadelphia (ANSP), or as specified in the applicable work plan or report prepared by the ANSP. 
 
II. Sampling of Aquatic Vertebrates (Fish and Bullfrogs) for Tissue Analysis 
 
This part describes the methodologies to be used for the collection, storage, and preparation of aquatic vertebrate 
samples (i.e., fish and bullfrogs) for tissue analysis, unless otherwise provided in the project-specific work plan. 
 
A. Materials 

 
 The following collection equipment and materials will be available, as required, during aquatic vertebrate 

sampling: 
 
• Health and safety equipment (as required in the Health and Safety Plan [HASP]); 
• Electrofishing equipment; 
• Seine and sport fishing equipment; 
• Chest waders; 
• Floy gun and tags; 
• Net; 
• Heavy-duty aluminum foil; 
• Coolers with ice or “blue” ice; 
• Boat; and 
• Appropriate forms/field notebook. 
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B. Collection Procedures 
 

The following procedures will be used to obtain fish and frog samples. 
 
1. The biota collection sites, species, and number of samples will be specified in the applicable work plan. 
 
2. Fish will primarily be collected by using electrofishing methods.  Where necessary, seining, netting, 

and/or methods may also be used. 
 
3. Bullfrogs will be collected using angling methods. 
 
4. The directions for wrapping, labeling, and shipping the aquatic vertebrate samples are listed below: 

 
a. All samples must remain whole and ungutted. 
 
b. For each sample, the following information will be recorded in a field notebook: 

 
− Floy tag number - collection date; 
− total length for fish; total length of legs, fully extended, for frogs; 
− weight; 
− species; 
− sex (if known); 
− sample location; 
− other distinguishing features; and  
− sampler(s). 
 
Any unusual physical irregularities should also be noted. 

 
c. Measurements of environmental contaminants in biota typically exhibit a wide range of variability 

due to the natural variation of the target population.  This variability may be sufficiently great so as 
to limit the ability of the sampling study to determine differences between collection sites (i.e., 
reaches of the river).  In order to minimize this variability, specimens of comparable length, body 
weight, and age will be collected whenever possible, except as other wise provided in a project-
specific work plan. 

 
d. Wrap each sample (or composite sample) individually in heavy-duty aluminum foil.  The 

individually wrapped samples should be stored in freezer bags and sorted by sampling site.  All 
specimens shall be stored on ice during transportation.  Samples shall be packaged and labeled 
following the procedures presented in Appendix L. 

 
C. Processing 

 
Once the fish and/or frog samples have been transported to the analytical lab, the following processing 
procedures apply: 
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1. Storage 
 

a. Samples should be stored by site on freezer shelves.  Samples should be frozen within 24 hours 
from the time of receipt by the laboratory.  Keeping the biota samples on ice in the field and during 
transportation, followed by freezing at the laboratory, should minimize any internal organ 
deterioration and the potential leaching of body fluids of those organs into the muscle tissue of the 
fillets. 

 
2. Preparing to Grind 

 
a. Samples shall be thawed at room temperature for 24 hours prior to compositing.  Fish and/or frog 

samples should be arranged by site, then species by increasing length. 
 
b. Prepare sample bottles – label year and sequence number on tape and wrap around each sample 

bottle.  Consult the sample tags and/or chain-of-custody (COC) forms for specific parameters to be 
run. 

 
3.  Processing the Specimen Samples 

 
a. All samples will be prepared as one of the following samples types: 

 
− Scale and Fillet (SF): standard skin-on fillet with scales removed - used for adult bass, perch, 

trout, and other fish that could be consumed by humans.  Each fish sample shall be placed on 
fresh aluminum foil following a thorough rinse with deionized water.  A sterile disposable 
scalpel blade shall be used to remove the fillet (skin-on) from the carcass.  The fillet from one 
site of each sample will be used for PCB and lipid analyses.  The remaining fillet will be 
archived in a frozen state for future analysis as required in the project-specific work plan. 

 
− Composite: Used for young-of-the-year (YOY) fish.  YOY fish will not be filleted.  A 

composite sample of the whole body fish will be prepared using the grinding procedures 
identified below. 

 
− Legs Only (LO): (used for bullfrogs).  Hind legs will be skinned and boned using sterile, 

disposable scalpel blades.  Muscle meat from both legs will be used for PCB and lipid analyses.  
Sample aliquots shall be combined as described in the project-specific work plan. 

 
b. A new sheet of aluminum foil and a new disposable scalpel blade will be used for each sample. The 

scalpel handle will be decontaminated between each sample.  Non-phosphate soap and 
distilled/deionized water will be used for cleaning, followed by a triple rinse sequence of hexane 
and distilled/deionized water. 

 
c. Grinding 

 
− The samples shall be homogenized thoroughly using a tissue miser homogenizer, then packaged 

in appropriate sample bottles. 
 
− Square pieces of foil should be placed over the top of all ground samples before being sealed 

with the lid. 
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− Sample grinders will be disassembled and rinsed at the beginning of use and between each 
sample. Non-phosphate soap and distilled/deionized water will be used for cleaning, followed 
by a triple rinse sequence of hexane and distilled/deionized water.  The grinding equipment 
should be allowed to thoroughly dry before grinding the next sample. 

 
III. Fish Aging Procedure 
 
If aging of fish samples is completed to aid in data interpretation, fish will be aged from scales collected 
generally from the region of the body immediately below the dorsal fin.  The procedure to be utilized for fish 
aging is described below. 
 
A. Field Collection and Handling of Scales 
 

1. Prior to removal of the scales, mucus and dirt are to be removed from the fish by scraping the sampling 
area in the direction of the caudal fin with the back of a knife or edge of forceps. 

 
2. Scales are to be removed from the location indicated above with a knife or forceps.  The scales are then 

inserted into a coin envelope.  Several scales will be removed from each fish.  Scales from each fish are 
deposited in a single envelope. 

 
3. Each sample envelope will be labeled with the collection date and sample number. 

 
4. The instruments used to remove scales should be cleaned between samples to avoid cross-contamination 

of scale samples. 
 

B. Preparation of Scale Samples for Reading 
 

1. Fish can be aged from scales either by direct reading of the raw scales, or from scale impressions if the 
raw scales are too thick, dirty, or pigmented to transmit sufficient light to facilitate interpretation. 

 
2. Mounts of raw scales are prepared by mounting several scales, sculpted side up, between two glass 

slides.  The slides are bound together with tape and labeled with the sample number and species of fish. 
 

3. Regenerated scales should not be mounted. 
 

4. Scale impressions can be made be impressing the sculptured side of several scales from a single sample 
into plastic or cellulose slides, or laminated polyethylene/vinyl material using a roller press.  These 
impressions should also be permanently labeled with the sample number and species of the fish. 

 
C. Aging Scales 
 

1. Scales should be aged using a microprojector, with the sculpted surface of the scale or impression facing 
the light source. 

 
2. Regenerated scales should not be aged. 
 
3. Each age should be based on the reading of at least two scales, both aged by independent observers, and 

a consensus reached by consultation if different results occur. 
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4. Age should be reported as the number of annuli in Roman numerals. 
 

IV. Caged Bivalve Bioaccumulation Study Procedures 
   
Studies may be conducted to monitor the bioaccumulation of polychlorinated biphenyls (PCBs) in bivalves 
(mussels) installed in cages in the Housatonic River.  Unless otherwise provided in the project-specific work 
plan, the procedures to be used to install such cages and to collect, process, ship, and prepare the mussel samples 
for chemical analysis will be the procedures specified in Attachment H-3 to this Appendix.  
  
V. Sample Preparation and Analysis 
 
Samples of the biota collected in Massachusetts may be analyzed for Aroclor-specific PCBs and/or 
polychlorinated dibenzo-p-dioxins (PCDDs)/polychlorinated dibenzofurans (PCDFs).  Such analyses will be 
conducted following the methods presented in Table 1 of the FSP/QAPP.  The procedures for preparation of fish 
samples for analysis will be those presented in the Standard Operating Procedure (SOP) on “Preparation of 
Biological Tissues for Analytical Determinations,” included in Attachment H-1 hereto, unless otherwise 
provided in the project-specific work plan.  Bullfrog and caged mussel samples will be processed using similar 
procedures to those listed in Attachment H-1, with the exception that bullfrog samples will be prepared as the 
edible portion of the legs (boneless, skin-off) and caged mussel samples will be prepared as whole-body 
composite samples minus the shell (see Attachment H-3).  The specific procedures for analysis of all such biota 
samples collected in Massachusetts for Aroclor-specific PCBs and lipid content will be those presented in the 
SOPs in Attachment H-1 on extraction of biological samples for PCBs, determination of lipid content, and 
analysis of PCBs, unless otherwise provided in the applicable project-specific work plan.  If additional analyses 
are proposed, the protocols for such analyses will be presented in the applicable project-specific work plan.   
 
As noted above, the procedures for preparation and analysis of biota samples collected from the Connecticut 
portion of the Housatonic River for PCBs and lipid content will be those presented in Attachment H-2, or as 
specified in the applicable work plan or report prepared by the ANSP. 
 
VI.  Benthic Invertebrate Survey Procedures 
   
Studies may be conducted to evaluate the potential impact of bioturbation on a sediment cap surface.  
Bioturbation refers to processing, mixing, and/or resuspension of sediments by aquatic organisms (including 
benthic macroinvertebrates and other bottom-dwelling organisms) while burrowing, feeding, spawning, and/or 
undertaking other physiological activities.  Unless otherwise provided in the project-specific work plan, the 
procedures to be used to collect, process, ship, and prepare benthic invertebrate samples will be the procedures 
specified in Attachment H-4 to this Appendix. 
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Attachment H-3 
 

Caged Bivalve Bioaccumulation Study Procedures 

 

I. Introduction 
 
The following in-situ caged bivalve study protocol -- adapted from the methods presented in the Draft Standard 
Guide for Conducting Field Bioassays with Marine, Estuarine and Freshwater Bivalves (Salazar and Salazar, 
1997) -- provides the general sampling procedures to be used to conduct a caged bivalve (mussel) trend 
monitoring program.  Caged bivalve monitoring will employ in-river exposure vessels (e.g., cages) and native 
populations of freshwater mussels to monitor PCB bioavailability in a river.  Study procedures are presented 
below. 

 
II. Sampling Procedures 

 
The mussel cages will be constructed as a modified version of that described in Salazar and Salazar (1997) and 
USEPA, (1995a).  Specifically, a two-cage array of Gee Model 40K holding cages will be suspended in the 
water column approximately half way up from the River bottom. These galvanized steel mesh cages will be 
employed as flow-through chambers that allow food particles to flow into the cage while retaining the study 
population of mussels without injury.  
 
Materials 
 
The following materials will be available for use, as required, during a caged bivalve bioaccumulation study: 
 

• Health and safety equipment (as required by the Health and Safety Plan); 
• River maps; 
• 5-foot sections of steel rebar and clamps;  
• Gee Model 40K holding cages; 
• Appropriate numbers of native mussels; 
• Transport container (live well, cooler) and ice;  
• Clam rake;  
• Hammer; 
• Depth gauge; 
• Thermometer; 
• Appropriate packaging materials and forms; 
• Field notebook; 
• Waterproof labels; and 
• Preservative (formaldehyde or alcohol). 

 
Procedures 
 
General procedures that will be followed to deploy and sample the mussel cages include the following: 
 

Step 1 -  Don appropriate health and safety equipment (e.g., personal flotation device). 
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Step 2 - Collect (by hand) an appropriate number of native mussels (Elliptio Complenata) from a river basin 
background location (e.g., Connecticut River).   

 
Step 3 - Select 10 individuals from the study population and process them (following steps in Section III 

below) into two field blank screening samples for pre-study analysis of PCBs and lipids to 
determine background concentrations.   

 
Step 4 - Select a second sample of 3 to 5 individuals and preserve them following standard preservation 

techniques.  Retain for laboratory identification/confirmation of species type. 
 
Step 5 - At the appropriate locations, secure mussel cages at mid-depth in the water column with steel rebar, 

and place a minimum of 20 mussels in each cage, label each cage with cage number and location, 
(see Figure H-3A for schematic of in-situ shallow water caged mussel setup). 

 
Step 6 - Deploy 2 two-cage mussel arrays at each of the three study locations (four cages per location).  

Position arrays with a north and south river bank orientation. 
 
Step 7 - Secure mussel arrays on the river bottom with steel rebar. 

 
Step 8 - Determine the exact location of each array in the field and record location in the field notebook.  

Where possible, the cages will be at least one meter off of the river bottom and one foot below the 
water surface, and located in a position where fluctuations in the water level will not be expected to 
expose the cages during low flow. 

 
Step 9 - Sample mussels after an appropriate exposure period, removing the setups from the water after the 

final sampling event. 
 
Step 10 - As mussel samples are collected, record the following in the field notebook:  

 
• date and time of sampling; 
• cage number and location; 
• contact duration; 
• sampling personnel; 
• river water temperature; 
• water depth and cage location in the water column; and 
• notes on mussel mortality and condition. 

 
Step 11 - Retain sufficient mass of mussels for required chemical analyses (e.g., 5 to 10 individuals or a 

minimum of 10 grams of tissue per sample). 
 

Step 12 - During and after collection, hold samples on ice in an insulated cooler until processing for shipment 
to the analytical laboratory. 

 
Step 13 - Repeat Steps 9 through 12 until appropriate quantities of mussels are obtained from each array 

included in the sampling event. 
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III. Sample Processing and Packaging 
 

Procedures for field processing, wrapping, and labeling biota samples are listed below: 
 

A. During and after field collection, all mussel samples will be held on ice in an insulated cooler. 
 
B. All mussel samples will remain whole and unshucked. 

 
C. Number each composite sample and record the following information for each sample in the field 

notebook: 
 

• weight (total weight of unshucked composite sample); 
• number of individuals comprising sample; 
• species; 
• sample location; and 
• sample identification number. 

 
D. Rinse samples in distilled water, then wrap in aluminum foil, followed by freezer paper, and tape 

securely so that the package does not open during shipment. 
 

IV. Shipping  
 

For shipment to the analytical laboratory, all mussel samples will be packaged in accordance with the following 
procedures: 

 
A. Place sample packages in an insulated cooler lined with two bags of ice on the bottom of the cooler.  

Fill cooler with biota samples, leaving sufficient room for two bags of ice on top of the samples.  If 
needed, fill remaining space in cooler with additional ice. 

 
B. Fill out appropriate chain-of-custody forms with instructions for sample processing and chemical 

analyses.  Put chain-of-custody forms in a sealable plastic bag and tape to the inside of the cooler lid. 
 
C. Close cooler and seal with shipping tape; place a signed custody seal label across closure at front of 

cooler. 
 
D. Affix airbill (if appropriate) with shipper’s and consignee’s addresses to top of cooler. 
 
E. Ship samples to arrive at the laboratory within 24 hours of sample collection.  In accordance with 

USEPA guidance, preservation with ice as described above is appropriate for mussel samples when 
the maximum storage/shipping time from collection to delivery at the processing laboratory is less 
than 24 hours (USEPA, 1995b). 
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V. Equipment Decontamination 
 

Reusable equipment that comes into contact with biota tissues will be cleaned prior to use and between samples 
using the following procedure: 

 
A. Potable water rinse, and wash with a detergent solution (i.e., Alconox). 
 
B.  Potable water rinse. 
 

Solid materials (e.g., disposable gloves and other disposable equipment) from sampling activities will be placed 
in plastic bags.  These bags will be transferred into larger containers and disposed of properly. 
 
VI. Laboratory Processing 
 
Once the caged mussel samples have been delivered to the analytical laboratory, the following processing 
procedures apply: 

 
Step 1 -  Storage 

 
A. Samples should be stored on site on freezer shelves.  Samples should be frozen within 24 hours 

from the time of receipt by the laboratory.  Keeping the biota samples on ice in the field and during 
transportation, followed by freezing at the laboratory, should minimize any tissue deterioration. 

 
Step 2 -  Preparing to grind 

 
A. Samples shall be thawed at room temperature for 24 hours prior to processing.  
 
B. Prepare sample bottles – label year and sequence number on tape and wrap around each sample 

bottle.  Consult the sample tags and/or chain-of-custody (COC) forms for specific parameters to be 
run. 

 
Step 3 -  Processing the specimen samples 

 
A. Mussel samples will be prepared as whole-body composite samples minus the shell.  Mussels will be 

shucked using a sterile tool and weighed (without the shell) to provide a total sample weight for each 
sample.  Prior to shucking, mussel samples will be thoroughly rinsed with deionized water.  All shells 
will be discarded.     

 
B. A new sheet of aluminum foil will be used for each sample.  Processing tools will be decontaminated 

between each sample.  Non-phosphate soap and distilled/deionized water will be used for cleaning, 
followed by a triple rinse sequence of hexane and distilled/deionized water. 

 
C. Grinding 

 
− The samples shall be homogenized thoroughly using a tissue miser homogenizer, then packaged 

in appropriate sample bottles. 
 
− Square pieces of foil should be placed over the top of all ground samples before being sealed with 

the lid. 
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− Sample grinders will be disassembled and rinsed at the beginning of use and between each 
sample.  Non-phosphate soap and distilled/deionized water will be used for cleaning, followed by 
a triple rinse sequence of hexane and distilled/deionized water.  The grinding equipment should be 
allowed to thoroughly dry before grinding the next sample. 

 
VII.  Chain-of-Custody Procedures 
 
All samples will be collected and handled in accordance with the chain-of-custody procedures summarized 
below: 

 
A. Prior to relinquishing samples for packaging and shipment, one member of the sampling team will 

record relevant information on a chain-of-custody form. 
 
B. The samples will be packaged for shipment as described in Sections III and IV above. 
 
C. If samples are stored temporarily prior to shipment, they will be kept cold and placed in a secured 

storage area.  Coolers will be sealed and custody seals affixed just prior to shipment. 
 
References: 
  
Salazar, M., and S. Salazar.  DRAFT Guide for Conducting Field Bioassays with Marine, Estuarine & 
Freshwater  Bivalves.  EVS Consultants.  April 13, 1997. 

 
United States Environmental Protection Agency (USEPA).  AED Laboratory Operating Procedure Caged 
Bivalve Deployment.  Revision I.  1995a. 

 
USEPA.  Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, Volume 1: Fish 
Sampling  and Analysis.   Second Edition, Office of Water, EPA 823-R-95-007.  September 1995b. 
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Attachment H-4 
 

Benthic Macroinvertebrate Sampling Procedures 
 
I. Introduction 
 
The following procedures describe the general methodologies that will be used in the field to sample the benthic 
macroinvertebrate community.  Prior to mobilizing in the field, staff assigned the responsibility of collecting 
benthic macroinvertebrate samples will be provided with the following information: 
 

• Work documents (Field Sampling Plan, Health and Safety Plan [HASP], etc.); 
• Water body name and site maps; 
• Number of samples to be collected; 
• Collecting and processing procedures; 
• Special instructions (if any); 
• Appropriate fisheries office contact; and 
• Sampling permits and licenses. 

 
II. Sampling Procedures 

 
Equipment 
 
The following collection equipment and materials will be available, as required, during benthic sampling: 
 

• Personal protective equipment (PPE), as required by the HASP; 
• Boat, engine, life jackets, anchors, buoys, and rigging;  
• Water quality meter(s) to monitor temperature, pH, specific conductivity, turbidity, dissolved oxygen, 

and water velocity; 
• Sediment dredge; 
• Mesh or sieve screen (Standard U.S. No. 30); 
• Sample jars, vials, and preservative (70% alcohol solution); 
• Forceps and magnifying glass; 
• Cleaning and decontamination materials; 
• Insulated coolers; 
• Tape (duct, strapping, and clear packing); 
• Plastic sealable bags and indelible ink markers; 
• Camera; 
• Global Positioning System (GPS); 
• Physical characterization/water quality field data sheet; 
• Forms (chain-of-custody, custody seal, address label, and air-bill); and 
• Field notebook. 
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Documentation 
 

Field notes will be recorded during sampling activities, and at a minimum, will include the following: 
 

• Names of field crew and oversight personnel; 
• General weather conditions; 
• Date, time, and sample location (GPS if specified); 
• Sampling technique and duration; 
• General observations of benthic abundance and diversity;  
• Substrate characterization and water quality; and 
• Photograph number when pictures are taken (if necessary). 

 
Procedures 
 
Benthic macroinvertebrate samples will generally be collected using a sediment dredge and approved sampling 
techniques.  The collection methods to be used to during the benthic community and associated sediment 
sampling efforts are presented below. 
 
1. The field crew will identify the proposed sample location using GPS or topographic landmarks, and will 

anchor the boat securely so that it will not drift due to water or wind currents. 
 
2. Water quality data (temperature, dissolved oxygen, pH, specific conductance, turbidity, and water velocity) 

will be collected within 1 meter of the substrate surface.  If sample locations are close together, this data will 
be recorded once for each general area. 

 
3. At each sample location, the opened dredge will be lowered over the side of the boat and allowed to settle 

into bottom sediments.  A hard pull on the rope will close the sediments inside the dredge. 
 
4. Retrieve the dredge into the boat and empty dredge contents into a sieve. 
 
5. Sieve the benthic samples to isolate the benthic organisms.  Hand transfer organisms and sediment matrix 

from the sieve to a labeled sample jar and preserve in the field using 70% isopropyl alcohol. 
 
6. Repeat this process until the desired number of benthic samples per location is collected.  Care will be taken 

so that successive dredge sampling does not reoccur over previous sampled areas.  
 
III. Sample Processing, Packaging, and Shipping 

 
The following procedures describe the general methodologies that will be used in the field to process (handle, 
preserve, pack, and ship) benthic macroinvertebrate for laboratory analysis. 

 
Handling 
 
1. Benthic organisms, and the remaining sediment matrix that is isolated after sieving, will be preserved in the 

field using 70% isopropyl alcohol. 
 
2. Each sample will be labeled with sampling date and collection location, and will be counted to ensure that 

the correct number of samples has been taken.   All samples will be given a sample identification number 
that will be recorded in the field notebook, and will correspond to the sample analysis, sampling date, and 
collection location. 
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3. Samples will be inspected to make sure that labeling is correct and that the sample containers are intact.  

Benthic community sample jars will be tightened and taped, if necessary.  
 
4. Chain-of-custody forms, custody seals, address labels, and airbill forms will be initiated.  A copy of the 

completed chain-of-custody form and air-bill form will be retained by the sampler.  
 
Packing 
 
1. Coolers used for transport will be duct-taped at the drain plug on the outside and inside of the cooler. 
 
2. Benthic macroinvertebrate samples will be placed upright in the bottom of separate coolers with cushioning 

materials placed on top.  
 
3. The completed chain-of-custody form will be placed into a plastic bag and duct-taped to the inside of the 

cooler lid. 
 
4. The cooler will be closed and fastened with duct tape around the seam of the lid to prevent water leakage 

and with strapping tape around the entire cooler to prevent it from opening during transport. 
 
5. A completed custody seal will be placed across the seam of the cooler lid.  A completed address label will 

be placed on top of the cooler.  Both will be taped-over using clear packing tape.  
 
6. Affix airbill (if appropriate) with shipper’s and consignee’s addresses to top of cooler. 

 
Shipping   
 
1. Samples will be shipped to the laboratory by hand or by express carrier in a timely manner. 
 
2. The laboratory will be notified of the shipment and will be contacted immediately following the arrival date 

to ensure that delivery has occurred. 
 
V.  Equipment Decontamination 

 
Reusable equipment that comes into contact with biota tissues will be cleaned prior to use and between samples 
using the following procedure: 

 
1. Potable water rinse and wash with a detergent solution (i.e., Alconox). 
 
2.  Potable water rinse. 

 
Materials generated during sampling activities (e.g., disposable gloves and other disposable equipment) will be 
placed in appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing 
disposal practices. 
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VII.  Chain-of-Custody Procedures 
 
All samples will be collected and handled in accordance with the chain-of-custody procedures summarized 
below: 

 
1. Prior to relinquishing samples for packaging and shipment, one member of the sampling team will record 

relevant information (e.g., sample identification, instructions for sample processing, and/or chemical 
analyses) on a chain-of-custody form. 

 
2. The samples will be packaged for shipment as described in Section III above.  



 
 

 
 

Appendix I 
 

Soil Gas Sampling Procedures
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Appendix I 

Soil Gas Sampling Procedures  
 
I.  Soil Gas Sampling Procedures for Analysis of Volatile Organic Compounds (VOCs) 
 
The instructions presented in this document describe the procedures to collect soil gas samples for the analysis 
of volatile organic compounds (VOCs) by USEPA Method TO-14 (TO-14).  The TO-14 method uses a 6-liter 
SUMMA® passivated stainless steel canister.  An evacuated SUMMA® canister (<28 inches of mercury, Hg) 
will provide a recoverable whole gas sample of approximately 5.5 liters when allowed to fill to a vacuum of 
2"Hg.  The whole air sample is then analyzed for VOCs using a quadrapole or ion trap gas chromatograph/mass 
spectrometer (GS/MS) system to provide compound detection limits of 0.5 parts per billion volume (ppbv). 
 
The following sections provide a list of the necessary equipment and detailed instructions for the installation of 
soil gas wells and the collection of a soil gas sample for VOCs analysis. 
 
II. Well Installation 
 
Soil vapor wells will be installed using a drill rig equipped with hollow-stem augers as specified in Appendix S.  
The augers will be advanced to the water table depth or 1 foot above the water table if the depth to water is 
known.  A 1-inch inside diameter (ID) polyvinyl chloride (PVC) well casing with a 1-foot screen will be 
installed into the boring through the hollow-stem augers. The boring will be backfilled with layers of sand, 
cuttings, and bentonite while simultaneously withdrawing the augers to seal the well casing in the soil boring.  
The 1-inch ID well casing equipped with a PVC cap and stainless steel adapter will be used for the collection of 
a soil gas sample.  The well will be developed prior to the collection of a soil gas sample using a battery 
powered sampling pump and a photoionization detector (PID).  The equipment required for the installation of 
the well is presented below. 
 

A.  Equipment and Materials 
 

• Drill rig equipped with hollow-stem augers. 
• PVC tubing (1" ID). 
• Air sampling pump. 
• Rotometer or an electronic flow sensor. 
• PID. 
• Teflon® tubing. 
• PVC caps (1" ID) with stainless steel adapter to fit Teflon® tubing. 
• Commercially available clean sand or play sand. 
• Bentonite. 

 
B.  Installation Procedures 

 
Step 1  - Advance the hollow-stem augers to 1 foot above the water table (if the depth to the water table has 

been predetermined) or advance the augers until the water table is reached.  After reaching the 
desired depth or the water table, install a 1-inch ID PVC well casing with 1 foot of screen and 
withdraw the augers. 

 
Step 2  - If the boring contacted the water table, backfill the well casing to 1 foot above the water table with 

clean sand (this step is not required if the depth to groundwater was predetermined). 
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Step 3  - Place 1 foot of clean sand into the well casing so that the sand level is higher than the top of the 
screen. 

 
Step 4  - Withdraw the augers and place 1 foot of bentonite on top of the clean sand layer. 

 
Step 5  - Backfill the boring with the cuttings to 0.5-foot below ground surface. 

 
Step 6  - Fill the remaining soil boring depth to the top of the ground surface with bentonite. 

 
Step 7  - Place the 1-inch ID cap on the well casing and attach sufficient Teflon® tubing to reach the 

SUMMA® canister (2 to 3 feet). 
 

Step 8  - Purge the soil gas well of at least one well volume (approximately 6 liters for a 10-feet deep well) 
using a battery powered air sampling pump.  Connect a rotometer or electronic flow sensor between 
the pump and the Teflon® tubing to measure the pump flow rate and purge the well of the desired 
volume based on the duration of pumping. 

  
Step 9  - Disconnect the battery powered sampling pump and attach the PID to the Teflon® tubing.  Record 

the OVA reading in the field log book and on the sample chain-of-custody (COC) form.  The 
laboratory will use this value to determine the proper dilution for sample analysis. 

 
III. Soil Gas Sample Collection 
 

After installation of the soil gas well, a grab sample will be collected using an evacuated 6-liter SUMMA® 
canister.  An equipment list and the sampling procedures for the collection of a grab sample using a 
SUMMA® canister are provided below. 

 
A. Equipment and Materials 

 
• Six-liter stainless steel SUMMA® canisters with pressure gauges. 
• In-line particulate filters. 
• A 9/16" open-end wrench. 

 
 B. Sampling Procedures 
 

Step 1  - Record the following information in the field log book (contact the local airport to obtain the 
information): 

 
• Wind speed and direction; 
• Ambient temperature; 
• Barometric pressure; and 
• Relative humidity. 

 
Step 2  - Attach the particulate filter to the SUMMA® canister sampling train using a 9/16" open-end 

wrench. 
 



Soil Gas Sampling 
Revision  #: 00 

Date: September 13, 2000 
 
 

BLASLAND, BOUCK & LEE, INC.  
3/30/2007 engineers & scientists I-3 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxI.doc 

Step 3  - Record the initial vacuum pressure in the SUMMA® canister by attaching the vacuum gauge to the 
SUMMA® canister with the 9/16" wrench (leave swage-lock cap on the vacuum gauge during this 
procedure), record in the field log book and on the sample COC form.  If the initial vacuum does not 
register <28"Hg, then the SUMMA® canister is not appropriate for use and another canister should 
be used. 

 
Step 4  - After purging the well with the portable sampling pump and measuring organic vapor levels with 

the PID, close the valve on the SUMMA® canister and remove the vacuum gauge from the 
SUMMA® canister.  Attach the well tubing to the particulate filter fitting on the SUMMA® 
canister. 

 
Step 5  - A soil gas sample is collected as a “grab sample” without using a variable- or fixed-flow controller. 

To collect the soil gas sample after connecting the well tubing to the SUMMA® canister, slowly 
open the SUMMA® canister valve. Stop collecting sample when the canister vacuum reaches 
approximately 2"Hg (leaving some vacuum in the canister provides a way to verify if the canister 
leaks before it reaches the laboratory).  To determine when to stop filling, close the valve on the 
canister when the "hiss" of the filling canister is faint but still audible.   

 
Step 6  - Disconnect the SUMMA® canister from the well cap and measure the vacuum as specified in Step 

3.  If the remaining vacuum is not greater than 1"Hg, reject the sample and use another SUMMA® 
canister to collect a sample for laboratory analysis. 

 
Step 7  - Disconnect the SUMMA® canister from the well tubing, remove the filter from the SUMMA® 

canister, and package the canister in the shipping container supplied by the laboratory for return 
shipment to the laboratory.  The SUMMA® canister does not require preservation with ice or 
refrigeration during shipment. 

 
Step 8  - Complete the appropriate forms and sample labels as specified in Appendix L. 
 

IV. Soil Gas Analysis 
 
Soil gas sample analysis will be performed using EPA TO-14 methodology.  This method incorporates the use 
of a quadrapole or ion trap GC/MS with a capillary column to provide optimum detection limits.  The GC/MS  
system requires a 1-liter gas sample (which can easily be recovered from a 6-liter canister) to provide a 0.5 ppbv 
detection limit.  The 6-liter canister also provides several additional 1-liter samples in case subsequent 
reanalyses or dilutions are required. This system also offers the advantage of the GC/MS detector which 
provides a confirmation of the identity of detected compounds through the evaluation of their mass spectra. The 
soil gas samples for this investigation will be analyzed for a specific list of VOCs based on the results from the 
temporary well point groundwater investigation. 



 
 

 
 

Appendix J 
 

Air Monitoring Procedures
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1. Project Description 
 

1.1 General 
 
Berkshire Environmental Consultants, Inc. (BEC) performs, on behalf of General Electric Company (GE), 
ambient air monitoring for particulate matter and polychlorinated biphenyls (PCBs) for numerous projects in 
Pittsfield, Massachusetts.  Ambient air monitoring is performed as part of remediation or site assessment 
activities to address concerns about potential air pathway exposures to dust and/or PCBs.  This Appendix 
presents the standard operating procedures (SOPs) to be used for particulate matter monitoring and for high-
volume ambient air sampling for PCBs.  Procedures for other types of air monitoring activities (e.g., low-
volume sampling for PCBs, monitoring for other constituents) that may be required for a particular project will 
be presented in the project-specific work plan. 
 

1.2 Project Objectives 
 
The objective of the air monitoring program is to provide valid and representative data on ambient air levels of 
particulate matter and/or PCBs in order to ensure that remedial activities are not causing an unacceptable 
increase in ambient air concentrations of particulates and/or to assist in evaluating air pathway exposures to 
PCBs. 
 

1.3 Format of Appendix 
 
Section 2 of this Appendix presents the procedures to be followed for ambient air monitoring for particulate 
matter.  Section 3 presents an overview of the ambient air monitoring program for PCBs.  Sections 4 through 14 
provide additional details regarding PCB air monitoring activities, including quality assurance objectives, 
sampling procedures, sample custody, analytical procedures, calibration procedures, data validation and 
reduction, internal quality control checks, preventative maintenance, routine quality assurance procedures, 
corrective action, and reporting. 
 

1.4 Meteorological Monitoring 
 
In connection with either particulate matter monitoring or PCB monitoring (or both), meteorological data from 
the Automated Surface Observation System (ASOS) Monitor operated at the Pittsfield Municipal Airport in 
Pittsfield, Massachusetts, will be included with the sampling results.  This ASOS Monitor is operated by the 
National Weather Service, Federal Aviation Administration, and the U.S. Department of Defense.  The ASOS 
Monitor measures and records wind speed, wind direction, precipitation, temperature, sky conditions, 
barometric pressure, and relative humidity.   
 
The collected meteorological data are used to help evaluate receptor population exposures to ambient particulate 
matter and PCB levels. 
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2. Particulate Monitoring 
 
Where called for in a project-specific work plan, real-time particulate monitoring will be conducted during the 
excavation portion of remedial action at a given area.  Monitoring will be conducted daily during the hours of 
excavation.  Approximately 10 hours a day of sampling data, from 7:00 a.m. to 5:00 p.m., are anticipated.  
Particulate monitoring will occur throughout the period of excavation or as otherwise provided in the work plan. 
 
Particulate monitoring will be conducted using a real-time airborne particulate monitor, which may be any of the 
following: MIE Model pDR-1000, MIE Model DR-2000, MIE Model DR-4000, Met One E-BAM Mass 
Monitor, or equivalent monitor approved by EPA for air sampling of particulate matter with a diameter less than 
10 micrometers (PM10) or total suspended particulates (TSP).   
 
The dataRAM Model pDR-1000 (pDR) uses a passive sampling technique and light scattering photometer to 
determine particulate concentrations. The dataRAM pDR has a measurement range of 0.001 to 400 mg/m3.   
 
The dataRAM DR-2000 or 4000 (DR) is a high-sensitivity nephelometric monitor.  The DR samples the air at a 
constant, regulated flow rate by means of a built-in diaphragm pump.  Like the pDR, the DR uses a light 
scattering photometer optimized for the measurement of airborne particle concentrations.  The DR has a 
measurement range of 0.0001 mg/m3 (0.1µg/m3) to 400 mg/m3. 
 
The Met One E-BAM uses a Beta Attenuation technique for measuring particulate.  The E-BAM samples the air 
at a constant regulated flow onto a continuous glass fiber filter tape.  The density of particulate collected onto 
the filter tape is quantified based on the response of a scintillator photo multiplier tube to a C14 beta pulse on 
the filter tape.  The Met One E-BAM has a measurement range of 0-10 mg/m3.   
 
For any of these instruments, particulate data will be logged by the instrument’s datalogger and averaged and 
recorded for each 15-minute period hour and for each sampling day.   During its operation, the instrument will 
report, on a real-time basis, the instantaneous particulate reading, the highest discrete reading that has been 
recorded during the monitoring period, and the cumulative average for the current monitoring period.  
 
Both the DR and the pDR have an inherent measurement sensitivity to moisture and thus to humid conditions.   
The DRs are equipped with relative humidity indicators and air inlet heaters to both evaporate moisture and, if 
necessary, automatically adjust the particulate measurement for humidity.  The pDR has no technique to adjust 
for humidity.  The MET One E-BAM is also sensitive to moisture and is equipped with both a relative humidity 
sensor and in-line heater to evaporate moisture in order to prevent it from condensing on the filter tape.  As a 
result of the sensitivity to moisture, the monitors are carefully observed during humid or rainy weather.  GE or 
its contractor may, at times, use professional engineering judgment to determine the reliability of data collected 
during very high humidity conditions.  Data summaries will exclude the time period when moisture is clearly a 
factor.  The raw data file will be marked and maintained.  Any such judgments will be noted appropriately on 
the data summary tables.   
 
Calibrations and maintenance will be conducted at the frequency and in accordance with the procedures 
recommended by the manufacturer.  All calibrations will be recorded. 
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2.1 Monitoring Locations 
 
The monitoring locations at each area will be determined prior to the initiation of excavation activities.  All 
areas will be monitored in at least three locations for areas subject to the Consent Decree and at least one 
location for other areas (with the specific number of monitoring locations to be determined on a project-specific 
basis).  As required, additional monitors may be operated at a given area to adequately assess ambient 
particulate concentrations.  The specific monitoring location(s) will be established based on the following: 
location of excavation, truck and vehicle traffic on-site, downwind receptors, obstructions, and accessibility.  As 
excavation proceeds and conditions change, the monitoring locations may be moved. 
 
A background particulate sampler will be installed at an upwind or at an off-site representative location, as 
specified in the project-specific work plan.  Data from this site will be used to normalize ambient particulate 
concentrations during remedial action. 
 

2.2 Quality Assurance and Quality Control Procedures 
 
Specific quality assurance and quality control for the particulate sampling will be based on manufacturer’s 
recommendations. 
 

2.3 Documentation and Reporting 
 
Particulate data will be summarized daily.  Data which exceed the notification levels described below will be 
reported to the GE Project Manager and to EPA or the MDEP (as appropriate) in accordance with Section 2.4.  
Daily particulate and meteorological data will be summarized weekly and provided in a written summary report 
to the GE Project Manager on Monday for the previous week.  All field data recorded during ambient 
monitoring will be documented according to the procedures in the Field Sampling Plan/Quality Assurance 
Project Plan (FSP/QAPP).  The monitoring data will be provided to the regulating agency (EPA or MDEP, as 
appropriate) at a frequency agreed upon between GE and the agency.  A written report summarizing the results 
will be provided to GE at the conclusion of sampling and will include the following: 
  

Date and Time of Sampling 
Sampling Locations 
Calibration and Maintenance Activities 
Pollutants Monitored 
Sampling Frequency  
Data Results  
Quality Assurance Assessment 
Meteorological Data Summary 
Discussion of Problems or Disruptions 
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2.4 Notification and Action Levels 
 
For each day of monitoring, the particulate data from the downwind monitor will initially be compared with the 
data from the background monitor.  In addition, the average 10-hour PM10 concentrations at the on-site monitors 
will be compared with a notification level of 120 µg/m3 – which represents 80% of the current 24-hour National 
Ambient Air Quality Standard (NAAQS) for PM10 (150 µg/m3).  This level has been selected to allow notice to 
GE before concentrations reach the level of the 24-hour NAAQS the action level).  If the average 10-hour PM10 
concentration at any on-site monitor exceeds the notification level of 120 µg/m3, the exceedance will be reported 
to the regulating agency (EPA or MDEP) as soon as practicable, but no later than 24 hours following receipt of 
the data showing the exceedance.  In addition, GE will provide written notice of the exceedance to the regulating 
agency within 72 hours after receipt of the data showing the exceedance. 
 
Any exceedance of the NAAQS (the action level) will be reported to the regulating agency (EPA or MDEP) 
immediately after receipt of the data showing the exceedance, but within 24 hours after receipt of the data.. In 
addition, GE will provide written notice of the exceedance to the regulating agency within 72 hours after receipt 
of the data showing the exceedance. 
 
In the event of any exceedance of the notification level or the action level, GE will take the response actions set 
forth for such exceedance in Section 6 of Attachment D (Ambient Air Monitoring Plan) to GE’s Project 
Operations Plan (POP).  
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3. PCB Monitoring – General 
 
Where PCB ambient air monitoring is called for in a project-specific work plan, BEC will install and operate 
General Metal Works Model PS-1 or equivalent samplers to monitor ambient PCB levels.  Monitoring programs 
consist of one to several monitoring sites, depending on the scope of the specific remediation or site assessment 
activity.  Each monitoring program includes downwind sites, at least one upwind or background site, and a co-
located site.  The samplers will typically operate for 24 hours from 7 a.m. to 7 a.m. during site remediation 
activity.  The specific number of sampling sites and days will be determined on a project to project basis.  
Where PCB ambient air sampling is called for in a project-specific work plan, PCB air sampling will be 
performed on two occasions prior to the start of the remediation and no less frequently than once every 4 weeks 
(determined on a cumulative basis) during remediation activity for that area, unless otherwise provided in the 
work plan or otherwise agreed between GE and the pertinent regulatory agency (EPA or MDEP).  For those 
cases where the total duration of the remediation project is less than 4 weeks and PCB ambient air sampling is 
called for in a project-specific work plan, PCB air sampling will be conducted at least one time during the 
remediation activity.    
 
The sampling method for PCBs is USEPA Compendium Method TO-4A, Determination of Pesticides and 
Polychlorinated Biphenyls in Ambient Air Using High Volume Polyurethane Foam (PUF) Sampling Followed 
by Gas Chromatographic/Multi-Detector Detection (GC/MD); Second Edition, January 1999.  This method 
employs a high volume sampler and a sampling cartridge consisting of a glass fiber filter with a polyurethane 
foam (PUF) absorbent to sample ambient air at a rate of 0.20 - 0.28 m3/minute.  The filter and PUF cartridge are 
placed in clean, sealed containers and returned to the laboratory for analysis.  The PCBs are recovered by 
Soxhlet extraction with 10% diethyl ether/hexane.  The extracts are reduced in volume using Kuderna-Danish 
(K-D) concentration techniques and subjected to column chromatographic cleanup.  The extracts are analyzed 
for PCBs using capillary gas chromatography with electron capture detection (GC/ECD), as described in 
Method TO-4A. 
 
Analytical laboratories are required to follow quality assurance measures and performance criteria as described 
in Method TO-4A. 
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4. PCB Data Quality Assurance Objectives 
 

4.1 Quality Assurance 
 
The objective of this quality assurance plan is to ensure that the data collected on ambient levels of PCB are 
adequate to meet the objectives of the specific monitoring program and the intended uses of the data.  The 
following objectives were used as guidelines to assuring quality in the design and implementation of the 
monitoring program. 
 
• The sampling and analytical procedures should follow the EPA Compendium Method TO-4A and EPA 

recommended guidelines, where applicable. The EPA Compendium Methods are not standard EPA 
reference methods.  Pursuant to conversations with Method TO-4A author, Robert G. Lewis, EPA, RTP, in 
October 1999, deviations from the compendium methods and procedures may be made on a case-by-case 
basis and, if required, will be presented in the project-specific work plan. 

 
• All phases of the sampling program will be adequately documented.  Documentation will be maintained to 

evidence the validity of calibrations, sample collection, flow calculations, sample custody, analytical 
performance, data reduction and audit procedures.  Field records will be maintained to record and 
reconstruct sampling events, calibration procedures, maintenance and repair activity, and any other 
information pertinent to the assurance of quality in the sampling program. 

 
• The GE Project Manager will be kept informed of sampling activity with update memoranda. 
 
• Sampling and analytical data quality will be measured and reported, where applicable, in terms of 

completeness, precision, accuracy (bias), representativeness, and comparability. 
 

4.2 Data Quality in Terms of Representativeness, Comparability, Completeness, Precision 
and Accuracy 

 
Sample Validity - A valid collected sample is defined as an air sample that is collected over 24 hours, +60 
minutes, from approximately 7 a.m. to 7 a.m., at a flow rate of 0.20-0.28 m3/min.  For a sample to be valid, the 
minimum sample volume must be no less than 276 standard cubic meters (scm) and no greater than 420 scm.  
(The target flow rate and sample volume are 0.225 m3/min and 325 scm, respectively.)  The sample must be 
collected and analyzed under conditions which meet the specified objectives of precision, accuracy and, where 
applicable, representativeness. 
 
Representativeness - The sampling network and frequency of sampling will be designed to provide data that are 
representative of the ambient levels of PCB.  The sampling sites and the frequency and duration of sampling 
will be presented on a project by project basis with the rationale and procedures for sampling selection. 
  
Comparability – Samples will be collected using the procedures set forth in Method TO-4A.  Results for total 
PCB will be reported in µg/m3 corrected to EPA standard conditions of 25°C and 760 mm Hg. 
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Completeness - The project completeness requirements are as follows: 
 

• 90% validity of the total project samples (including co-located samples, background, and trip blanks); 
• 90% validity at each sampling site over the course of the project (including co-located samples, 

background, and trip blanks); and 
• No sampler site may have two or more invalid samples for consecutive sampling events. 

  
Precision - Sampling precision will be measured by collecting a replicate sample at a co-located monitor at one 
monitoring site during each sampling event.  Each compound with a detectable concentration at least two times 
greater than the practical quantitation limit (PQL) identified below must have a relative percent difference 
(RPD) value that is less than 50%.  
 
Accuracy - Sampling accuracy is measured by auditing the flow rate of the samplers before and after each 
sampling event using a flow transfer standard.  The accuracy criterion before and after using the flow transfer 
standard is +/-10% of the set point.  The difference between the audit flow measurement and the calculated flow 
based on the sampler flow indicator (magnehelic gauge) and a calibration curve will be used to calculate 
accuracy. 
  
Analytical accuracy or recovery is determined by the laboratory using an internal laboratory surrogate standard 
reflective of PCB.  Sample recoveries ranging from 65 to 125% are considered acceptable. 
 

4.3 Detection and Reporting Limits 
 
The laboratory’s Method Detection Limit (MDL) for PCBs in air samples, which was established for PCB 
Aroclor 1254, is 0.03 µg/PUF; and the target PCB practical quantitation limit (PQL) for this project, which is 
consistent with Method TO-4A, is 0.1 µg/PUF.  (At the target air volume of 325 scm, these limits translate into 
PCB air concentrations of 0.00009 µg/m3 and 0.0003 µg/m3, respectively.)  The target reporting limit (RL) based 
on the PQL of 0.1 µg/PUF and a target air volume of 325 scm is 0.0003 µg/m3.  This reporting limit may be 
higher or lower for individual samples based on the exact air volume that is collected for each sample.  The PQL 
and RL were established in consideration of the following: 
 
• Massachusetts Allowable Ambient Levels (AAL) for total PCBs in air, as used in the Air Toxics Program 

(which consist of a 24-hour average of 0.003 µg/m3 and an annual average of 0.0005 µg/m3); and 

• Analytical detection capabilities as limited by sampling duration and sampling rate. 
 

4.4 Sampling Flow Rate and Total Volume 
 
Method TO-4A (Appendix I) recommends a sampling rate of 0.225 m3/min with an acceptable flow rate range 
within +/- 10% (i.e. 0.20-0.28 m3/min) and a target total volume of 325 scm.  The anticipated operating rate is 
0.225 m3/min.  At this sampling rate, a total flow volume of 324 m3/air sample will be achieved over a 24-hour 
sampling period. 
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4.5 Summary of Project Detection Limits 
 

Target Sampling Rate        0.225 m3/min 
Target Sample Volume       325 m3/PUF 
Lab MDL             0.03 µg/PUF 
Lab PQL             0.1 µg/PUF    
Allowable Project RL        0.0003 µg/m3 
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5. PCB Sampling Procedures 
 

5.1 Sampling Sites 
 
Sampling sites for PCB air monitoring will be selected based on the physical site characteristics, receptor 
locations, source location and strength, site access, site security and the availability of electric power. 
 

5.2 Sampling Frequency 
 
PCB air samples will be collected over 24 hours from approximately 7 a.m. to 7 a.m. at the established 
frequency for each project. 
 

5.3 Sampling Methods 
 
The sample collection SOPs are based on the TO-4A Compendium Method. 
 

5.4 Sampling Forms 
 
A field data form is used to record all field data associated with the sampling event.   
 

5.5 PUF and Filter Preparation and Cleanup 
 
For initial cleanup, PUFs and filters (not necessarily at the same time) will be extracted and prepared in 
accordance with Method TO-4A, Section 10.2 (Preparation of Sampling Cartridge).  Each PUF will be placed in 
a glass sampler cartridge, wrapped in hexane rinsed foil, placed in a labeled zip-loc bag and sealed.  At least one 
PUF in each batch of 20 will be certified in accordance with Method TO-4A, Section 10.3 (Procedure for 
Certification of PUF Cartridge Assembly).   
 
Glass cartridges will be cleaned and reused after each sampling event.  New PUFs and filters will be used for 
each event.  Used PUFs and filters will be discarded after each sampling event. 
 

5.6 Sample Containers 
 
The aluminum sample cylinders will be assembled in the office/lab with a PUF cartridge and glass fiber filter.  
A cover plate will be placed over the filter and a foil covering is placed over the coupler for transport of the 
module to the field.  The assembled cylinders will be transported to and from the field in a hexane rinsed ice 
chest. 
 
For transport to the laboratory, the filter and PUF cartridge will be removed from the sampler cartridge.  The 
filter will be folded and placed in the glass sampling cartridge atop the PUF.  The cartridge will be wrapped in 
hexane-rinsed aluminum foil.  The samples are placed in zip-loc bags and labeled. 
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5.7 Sample Holding Times and Preservation Methods 
 
For PCB samples collected Monday through Friday, delivery at the laboratory will be made no later than 10 a.m. 
on the day following sample collection.  Samples collected on Saturday and/or Sunday will be packaged for 
shipment and refrigerated.  These samples will be shipped on Monday morning for delivery by 10 a.m. on 
Tuesday.  All samples will be shipped in an ice chest with adequate blue ice packs to maintain the temperature 
at 4oC.  
 
All samples will be extracted by the analytical laboratory within 7 days after sample collection.  Concentrates 
will be stored refrigerated in vials until analyzed.  Concentrates will be analyzed within 40 days. 
 

5.8 Documentation 
 
PCB sample numbers, sampling conditions and analyses, etc. will be recorded on a sampling data form.  
Original field copies of all sampling data forms will be maintained. 
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6. PCB Sample Custody 
 

6.1 Field Sample Operations 

6.1.1 PUF and Filter Receipt and Handling 
 
Cleaned, labeled PUF cartridges will be received from the laboratory via a commercial carrier or courier.  Upon 
receipt, each batch of PUF cartridges will be sorted by date of extract and logged.  The PUFs with filters will be 
stored in ice chests.  The batches will be used in order of extraction date.  As the PUFs in each batch are used, 
the date and site where each is used will be logged.  PUFs are considered clean and usable for 30 days after 
initial extractions. 
 

6.1.2 Sample Collection 
 
Each PUF and filter will be assembled into a sampling cylinder in the office/lab in accordance with procedures 
contained in Method TO-4A, Section 11.3.2 (Preparing Cartridge for Sampling) and assigned to a specific 
sampler.  The sampler, PUF cartridge numbers, and all field sampling data will be recorded on a dedicated field 
data sheet.  Equipment calibration and sampling procedures will follow those specified in Method TO-4A unless 
a specific variation is proposed in the project work-plan.   
 
When sampling is completed, the PUF/filter will be kept together in the sampling cylinder for transport to the 
office.  In the office/lab, the filter will be removed and placed in the glass sampling cylinder atop the PUF.  The 
PUF will be taken from the sampling cylinder, wrapped in foil and bagged.  The samples will be labeled and 
identified with sample numbers.  The sample numbers will be logged.  All information relating to date, time and 
conditions of sampling will be recorded on the field data sheet.  Samples will be refrigerated for cooling prior to 
shipment. 
 

6.1.3 Sample Shipment 
 
Samples will be shipped in sealed ice chests on ice or blue ice with a chain-of-custody (COC) seal over the chest 
lid.  Samples will be shipped under COC to the analytical laboratory. 
 
The COC record will be completed, signed, and mailed inside the ice chest.  Samples will be shipped by a 
commercial carrier or courier and require a delivery signature at the analytical laboratory. 
 

6.2 PCB Laboratory Operations 
 
At the analytical laboratory, the samples will be received, signed for, and inspected by a sample custodian.  The 
COC record will be verified with the received samples.  Any inconsistencies will be noted on the COC record.  
From that point on, the samples will be handled according to the laboratory’s SOPs. 
  
All sampling COC field records will be maintained in the sampling file at the BEC office in Pittsfield.  All COC 
records and log sheets for the laboratory will be maintained at the analytical laboratory. 
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7. PCB Analytical Procedures 
 

7.1 Extraction Method 
 
The Compendium Method TO-4A procedure for extracting PCB from the PUF and filter will be followed.  The 
PUFs will be extracted within 7 days after the sample is collected. 
 
 The laboratory SOP for the extraction method is included as Attachment J-1 to Appendix J. 
   

7.2 Test Method 
 
The analytical procedure to determine PCBs will be as described in Method TO-4A. and as specified in Section 
4 of Attachment D (Ambient Air Monitoring Plan) to GE’s POP.  Any deviations from Method TO-4A, if 
required, will be proposed in the project-specific work plan.   
  
To corroborate the results using GC/ECD, samples may be analyzed with high resolution GC/MS.  Results of 
both methods will be reported. 
 
The laboratory SOP for the test  method is included as Attachment J-2 to Appendix J. 
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8. PCB Calibration Procedures 
 
Calibration for all PCB sampling equipment will be conducted in accordance with the procedures specified in 
Method TO-4A or the EPA High Volume Reference Method (as applicable).  All data and calculations for 
calibrations will be recorded on log sheets and maintained in a calibration log file.  Method variations are noted. 
 

8.1 Flow Rate Transfer Standard 
 

Frequency of Calibration: Annually 
Reference Procedure: Flow Rate Transfer Standard (NIST Primary Standard) 
Variations From Reference: None. 
Accuracy: ±2%. 
 
Summary: Calibrated against a positive displacement standard volume meter at various flow rates.  

Calculate the linear least squares slope and intercept of the line representing the 
relationship.  The orifice calibration is performed by an independent contractor. 

 

8.2 High Volume Sampler (Multi-Point Calibration) 
 

Frequency of Calibration: Upon receipt; every 6 months; following motor, ball valve, magnehelic 
gauge, or other major equipment repair or replacement; or any time the 
difference between a one-point audit and the sample flow rate deviates 
+10%. 

Reference Procedure:  Method TO-4A, Section 11.2.2 
Variations From Reference: None 
Accuracy:  Correlation coefficient greater than 0.95. 

 
Summary: The high volume sampler will be calibrated against a certified orifice flow transfer 

standard.  A calibration curve will be drawn and a least square regression calculated. The 
equation will be used to determine standard flow during sampler operation.  The 
calibrations for each monitor will be recorded on a worksheet and maintained in a 
calibration log. 
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9. PCB Data Reduction, Validation, and Notifications 
 

9.1 Data Reduction 
 
The PCB sampling data and analytical results will be combined to report an ambient concentration of PCBs in 
µg/m3 for each sample. 
 

Sampling Data 
 
The sampling flow rate and the total volume of air sampled will be calculated from the pressure readings 
collected during sampling and the elapsed sampling time. 

 
1. Using appropriate calibration tables for each sampler, Convert P1 … Pn to Q1 … Qn 

 
where: P1 … Pn = magnehelic readings from sampling event recorded on the field data sheet 

 
 Q1 … Qn = flow readings from calibration table corrected to standard conditions (m3/min) 
 

2.  Determine the average flow rate: 
 

QSTD = Q1 + Q2 … Qn 
N 

 
where: QSTD  = average flow rate in standard conditions (m3/min) 

 
N = number of flow readings 

 
3.  Calculate the total elapsed time: 

 
ETMFinish - ETMStart  = ET 
 
where:   ETMFinish = elapsed time meter reading at the end of sampling 
 
 ETMStart = elapsed time meter reading at the start of sampling 
 

ET = total elapsed time (hours) 
 

4.  Calculate the total volume of air sampled under ambient conditions: 
 

Va   =  ∑n
i-1(Ti x Fi)/1000 L/m3 

 
where:  Va =  total volume of air sampled (m3) 

 
Ti =  length of sampling segment between flow checks (min) 
 
Fi =  average flow during sampling segment (L/min) 
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5. Correct the air volume to EPA standard temperature and standard pressure 
 

Vs   =  Va x [(Pb - Pw)/760 mm Hg]x (298K/tA) 
 

where:  Vs =  volume of air at standard conditions (std. m3) 
 

 Va =  total volume of air sampled (m3) 
 
Pb =  average ambient barometric pressure (mm Hg) 
 
Pw =  vapor pressure of water at calibration temperature (mm Hg) 
 
TA =  average ambient temperature, °C + 273 

 
Analytical Data 
 
The laboratory will reduce the analytical results for each sample to total PCBs measured in µg/PUF.  The 
procedures for this determination and calculation are defined in the USEPA Method TO-4A. 

 
Sample Concentrations Conversions 
 
The analytical data provided by the laboratory will be reduced for comparison with standards. 

 
 CA  =  µg/PUF 
          Vm/PUF 
 

where:  CA  = concentration of PCBs in sample (µg/m3) 
 
 Vs  = total standard volume of air 
 

9.2 Data Validation 
 
All PCB air data will be validated in accordance with Validation Annex F to the FSP/QAPP. 
 

9.3 Notifications 
 
The  notification and action levels for PCBs are specified in Section 6 of Attachment D (Ambient Air 
Monitoring Plan) to GE’s POP.  In the event of an exceedance of the notification or action level for PCBs, GE 
will make the notifications specified in that section and will take the other response actions set forth in that 
section for the type of exeedance in question.  
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10. PCB Internal Quality Control Checks 
 

10.1 Sampler Flow Checks 
 
In addition to the standard equipment calibration procedures identified in Section 7.0, routine quality control 
checks to verify flow will be conducted during PCB sampler operation. 
 

Procedure Frequency Control Limit Corrective Action 
 

One-Point Audit  
 

Before and After Each 
Sampling Event  
 

+ 10% Deviation from 
Calculated Value  
 

Note sample flow 
volume as estimated; 
Recalibrate 
 

Magnehelic Zero Check Before and After Each 
Sampling Event  
 

+ 2" H2O  Adjust 
 

Leak Check  
 

Before and After Each 
Sampling Event; at Each 
Calibration  
 

No Leaks  
 

Repair leak 
 

Magnehelic Readings  
 

Every 6 Hours During 
Sampling  
 

+ 10" H2O  
 

Note reading; adjust 
instrument 
 

 

10.2 Field Sampling Precision Check 
 
As a precision check on field sampling for PCBs, two samplers are co-located at one sampling site.  The 
samplers are located 2 - 4 meters apart.  One sampler will be identified as the primary sampler and the other will 
be designated as the duplicate sampler.  The calibration, sampling, and analysis procedure for the two samplers 
will be the same as for all samplers.  The co-located sampler will be operated whenever the routine sampler 
operates. 
 
The variation between the ambient PCB concentrations measured at the two samplers will be compared and 
observed.  The target limit of variation (precision) is that each compound with a detectable concentration at least 
two times greater than the laboratory PQL of 0.1 µg/PUF must have an RPD value less than 50%. 
 

10.3 Process and Field Blanks 

10.3.1 Laboratory Process Blank 
 
Prior to shipment to the field, one PUF cartridge and filter from each batch of approximately 20 clean PUFs and 
prepared filters will be analyzed for PCBs.  (This will be called a laboratory process blank.)  In order for the 
PUF batch to be considered acceptable for use, the blank level must be below the laboratory PQL of 0.1 
µg/PUF. 
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10.3.2 Trip (Field) Blank 
 
For each sampling event, one PUF cartridge and filter will be carried to the field and returned in a clean sample 
holder.  (This will be called a trip blank, and is also referred to in Method TO-4A as a field blank.)  The sample 
will be handled as any other sample except that no air will be drawn through the cartridge.  The aluminum 
sample cartridge will be installed on the sampler at the beginning of the sampling event and immediately 
removed.  The aluminum cartridge will remain in a hexane rinsed ice chest during sampling and will be 
recovered and prepared for shipment to the analytical laboratory for analysis in the same manner as the 
remaining project samples.  The blank level for the trip (field) blank is a level that is less than the laboratory 
PQL of 0.1 µg/PUF. 
 

10.3.3 Field Spike 
 
Before each sampling episode, one PUF plug from each batch of approximately 20 will be spiked with a known 
amount of the standard solution.  The spiked plug will remain in a sealed container and will not be used during 
the sampling period.  The spiked plug will be extracted and analyzed with the other samples.  This field spike 
will act as a quality assurance check to determine matrix spike recoveries and to indicate sample degradation.   
 

10.3.4 Solvent Process Blank 
 
During the analysis of each batch (approximately 20) of samples, one process blank from the laboratory stock 
will be carried through the procedure (all steps conducted but no filter/PUF cartridge included) and analyzed to 
assure that the extraction solvent is free from PCB contamination.  (This will be referred to as a solvent process 
blank.)  To provide such assurance, the result for this solvent process blank should be less than the laboratory 
PQL of 0.1 µg/PUF. 
 

10.3.5 Analytical Spike Recovery 
 
The procedures and QA limits for sample extraction, clean-up and analysis are specified in Method TO-4A. 
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11. Preventative Maintenance for PCB Samples 
 

11.1 Schedule 
 
Preventative maintenance on the PCB sampling equipment will be performed on a routine basis.  Records of all 
maintenance activities will be maintained. 
  
Sampling Unit 
 
At least once quarterly, the sampler housing will be inspected for wear and tear, making sure all moving parts, 
doors, lids, etc. are in good order.  The electrical cords and connections will be inspected for integrity.  The 
coupler connection, digital timer, magnehelic gauge, and ETM will all be visually inspected. 
 
Sampler Motor 
 
The motor will be inspected quarterly and brushes replaced as needed according to the manufacturer’s 
recommendations.  All motor brushes are to be replaced between 500 and 1000 hours of operation.  After the 
motor brushes are replaced, the motor will be recalibrated following a sufficient break in period.  The top and 
bottom rubber gaskets on the sampler motor will be inspected quarterly and replaced as needed. 
 
Sampling Cartridge and Gaskets 
 
The sampling cartridges will be visibly inspected each time they are used.  Prior to each sampling event, the 
cartridges will be completely disassembled, cleaned with hexane, and checked.  Gaskets in the cartridge will be 
checked each time the cartridges are used.  They will be cleaned and replaced as needed. 
 

11.2 Spare Parts Inventory 
 
A sufficient inventory of spare parts consisting of at least two (except where noted) of each of the following will 
be maintained for the high volume samplers: 
 

  Dual Sampling Modules 
  Filter Gaskets 
  Silicone Gaskets for Upper Module 
  Silicone Gaskets for Lower Module 
 Glass Cartridges with Support Screens and PUFs 
 Replacement Motors 
 Replacement Motor Brushes 
 Calibration Orifice (one spare calibration orifice)  
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12. Corrective Action for PCB Sampling 
 

12.1 Responsibility 
 
Corrective action may be initiated as a result of disruptions in PCB sampling or problems associated with the 
quality control checks; calibrations; or performance, system, and quality assurance audits.  The responsibility for 
implementing corrective action lies with the BEC Project Manager.  Any non-routine corrective actions will be 
discussed with the GE Project Manager before implementation. 
 

12.2 Internal Quality Control Checks 
 
Corrective actions for internal quality control checks are described in Section 13.1 of this plan. 
 

12.3 Calibrations 
 
The corrective action for problems in calibration is to recalibrate and, if necessary, repair, replace, or conduct a 
calibration audit using the designated audit orifice standard. 
 

12.4 Performance and System Audits 
 
Any sampler flow problems identified during the one-point audits require that data for that sampling event be 
checked for accuracy.  Equipment calibration audits may indicate the need for recalibration, repair, or 
replacement. 
 

12.5 Sampling Data Completeness and Validity 
 
All samples must meet the criteria for sample validity identified in Section 4.2 of this plan.  Samples which do 
not meet these criteria are invalid.  For any sampling event where more than one sample is defined as invalid 
due to sampling error, the sampling event will be rerun on the next available day. 
 

12.6 Laboratory Analyses 
 
The sample extract volume will provide sufficient extract to complete at least two additional analyses if there is 
a problem in the initial analyses.  Decisions for repeating any sampling events due to invalid data from the lab 
will be made on a case-by-case basis. 
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13. PCB Monitoring Reports to GE 
 
At the end of each PCB air monitoring project, a report will be prepared and delivered to the GE Project 
Manager. The report will summarize the sampling activity for the project and include the following information: 
 
• A summary of activities including a review of any sampling disruptions or problems which may have 

occurred, the corrective actions taken, and a discussion of what impact the problems may have on data 
quality. 

 
• Sampling and analytical results. 
 
• Summary of data quality in terms of the quality assurance objectives. 
 
• Calibration, data validation, quality control, and audit activity. 
 
• Meteorological data summary. 
 
The final report will present a quantitative assessment of ambient PCB concentrations. 
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1.0   TITLE  Standard Operating Procedure for the extraction and cleanup of High Volume Polyurethane Foam (PUF) air 

cassette samples for Polychlorinated Biphenyl (PCB) analysis using the Soxhlet extraction technique 
(Modified SW-846 Method 3540C/EPA Method TO-4A for subsequent analysis by SW-846 Method 8082. 
 Note: The Determinative Method (EPA Method 8082) requires secondary GC column analysis on 
dissimilar column for PUF samples. 

 
 
2.0   PURPOSE  The purpose of this SOP is to provide to the chemist the procedures required to perform extractions of        

PCBs in PUF (air cassette) samples, using the soxhlet extraction technique and to perform the subsequent 
extract volume reduction and cleanup. 

 
 
3.0   SCOPE  The following procedure is utilized by Northeast Analytical, Inc. for the extraction and cleanup of PCBs 

from PUF (air) samples using the soxhlet extraction method as per Method TO-4A for subsequent analysis 
by SW-846 Method 8082.  

 
4.0 COMMENTS  
  
 4.1 All PUFs must be pre-cleaned using SOP NE0153 (PUF Preparation).  All blanks and QC samples use pre-

cleaned PUFs. 
 

4.2 Interferences:  Laboratory contaminants including phthalate esters may be introduced during extraction and  
subsequent cleanup procedures.  The extraction technician should exercise caution that scrupulously 
cleaned glassware is used and that plastic tubing and other plastic materials do not contact samples or 
extracts. 

 
5.0   SAFETY               The chemist should have received in-house safety training and should know the location of first aid 

equipment and the emergency spill/clean-up equipment, before handling any apparatus or equipment.  
Safety glasses and gloves must be worn when handling glassware and samples. 

 
Polychlorinated biphenyls have been tentatively classified as known or suspected carcinogens.  The chemist 
must review the Material Safety Data Sheets (MSDS) for PCBs and all reagents used in the procedure 
before handling them.  All equipment and solvents should be handled within a lab fume hood. 
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6.0   REQUIREMENTS    The chemist must have an understanding of the methods and requirements of USEPA-SW- 846A "Test    

Methods for Solid Wastes" Volume 1B: Lab Manual, 3rd edition.  Methods 3540, 3500. The  chemist  
must also be certified to perform the procedure by an approved instructor.  The chemist should have 
completed an acceptable demonstration of precision and accuracy before performing this procedure 
without supervision. 

 
 
7.0   EQUIPMENT 
 
   7.0.1 Water Cooled Condenser: Pyrex 45/50 #3840-MCO. 

 
7.0.2 250ml Round Bottom Flask: Pyrex #4100. 
 
7.0.3 Soxhlet Repetitive Flushing (reflux) Unit: 45/50 Pyrex #3740-M. 
 
7.0.4 Heating Mantle: Type "VF" laboratory heating mantle #HM0250VF1. (or equivalent) 
 
7.0.5 Heating Mantle Controller: Glass-Col #PL3122 Minitwin (or equivalent) regulates temperature control of the mantle. 
 
7.0.6 Boiling Chips: Hengar #5785 Alltech Associates, Inc. (or equivalent) 
 
7.0.7  Chiller: Pump driven water circulating cooling system cool flow #75 NESLABS Instruments, Inc. (or equivalent) 
 
7.0.8  Hexane: High Purity Solvent Baxter (Burdick/Jackson) #UN1208. (or equivalent) 
 
7.0.9  Diethyl Ether: Nanograde Mallinckrodt #3434-08 
 
7.0.10 Turbo Vap Evaporator: Zymark #ZW640-3.  
 
7.0.11 Turbo Vap Evaporator concentrator tubes: Zymark 250ml, 0.5ml 1ndpoint. 
 
7.0.12 Beakers: Assorted Pyrex: 250ml, 600mL, and 1000mL, used for liquid containment and pipet storage. 
 
7.0.13 Hexane 90%/10% Ether: 90% Hexane/10% Ether by volume solvent mixture prepared in the lab. 
 
7.0.14 Vials: glass, 4 dram (with Polyseal sealed cap) (20 ml & 10 ml) capacity, for sample extracts. 
 
7.0.15 Vial Rack: Plastic rack used to hold vials, during all phases of the extract processing. 
 
7.0.16 Centrifuge: International Equipment Co., Model CL. (or equivalent)  
 
7.0.17 Wrist Shaker: Burrell wrist action shaker, Model 75 and 88. (or equivalent) 
 
7.0.18 Florisil: deactivated,  solvent washed with 1:1 hexane/ether, baked at 130�C for 16 hours. Deactivated with D.I. 

water.  EM Science #FX0282-1. 
  
 7.0.19 Replacement PUFs: 75mm, pre-cleaned and tested. CAT# P226131                  

 
7.0.20 Mercury: Triple distilled Mercury Refining Co, Albany, NY  #328502. (or equivalent) 
 
7.0.21 Sulfuric Acid: Na2SO4 (concentrated) Mallinkrodt #2468 #UN1830. (or equivalent) 
 
7.0.22 Pipets: S/P Disposable Serological Borosilicate Pipets. 

1. 1mL X 1/10 #P4650-11X 
2. 5mL X 1/10 #P4650-15 
3. 10mL X 1/10 #P4650-110 
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Kimble Pasteur Borosilicate glass pipet  9" #72050 (or equivalent) 
 
7.0.23 Quartz Microfiber Filters(QMF): 10.16 cm Dia., 100 circles(Whatman Cat# 1851-101)  or equivalent Baked at 450 

degrees Celsius for 3 hours. 
 

7.0.24 Surrogate Spike Solution: Laboratory prepared from primary stock solution Tetra-Chloro-meta-Xylene and 
Decachlorobiphenyl at 0.500 ug/mL. 

 
7.0.25 Laboratory Control Spike Solution: Laboratory prepared from primary stock solution of PCB Aroclor at 0.500 

ug/mL 
 
 
8.0   PROCEDURES: 
 
 
 8.1 Sample Preparation 
 

8.1.1 Throughout the entire process it should be noted that if the chemist encounters any problems or 
difficulties with any samples or steps involved, all work should STOP!  Any problems should be 
brought to the attention of the supervisor and documented in the extraction logbook. 

 
  8.1.2 Before any steps are taken, the chemist should first review the sample job folder and fill in the 

appropriate spaces on the internal sample tracking form and initial. 
 

8.1.3 Prior to extraction all surfaces and fume hoods used must be cleaned and wiped down with hexane. 
 It is also advisable to remove any PCB solid or liquid waste containers from the fume hood 

 
  8.1.4 PUF samples require all glassware to be pre-rinsed with hexane. PUF samples are for extremely 

low level PCB concentrations and require clean; hexane rinsed glassware.  
 
  8.1.5  Use extreme caution using Ether during this extraction. Ether and its vapors are extremely 

flammable and must be used in a fume hood.         
 
 8.2 Procedure: Sample Extraction 
 

  8.2.1 Rinse enough 250 mL round bottoms and soxhlets for each sample, blank, and QC sample.  Place 
in fume hood and let dry. 

 
  8.2.2 After the glassware dries, add a few boiling chips to each round bottom and add approximately 

200 mL of Hexane 10% Ether mixture to each round bottom.  Label them with a sample ID.   
 

  8.2.3 Blank, QC PUFs, and baked QMF filters should be prepared prior to extraction using the PUF 
preparation SOP (NE153). Each sample must be handled using a clean pair of gloves.  Use the pre-
cleaned replacement PUFs and pre-baked QMF filters for the Blank and QC samples.   

 
 8.2.3.1   For each sample, use a pair of tweezers to pull the PUF out of its PUF tube and push it     

into the appropriate soxhlet.  Try to handle as PUF as little as possible.  Using pair of       
tweezers depress both sides of the PUF and push the PUF to the bottom of the soxhlet.  

 
8.2.3.2   Using tweezers, fold the glass fiber filter that came with the sample and push it into the 

soxhlet.  Use the tweezers topush the filter down to the PUF.  Be sure that both the PUF 
and the filter are below the capillary tube on the soxhlet to ensure proper drainage of the 
soxhlet.  

 
 8.2.3.3   Place the soxhlet onto the appropriate round bottom.  Put clean gloves on and repeat with 

              each sample.                
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  8.2.4 Add Spike and Surrogate mixture to appropriate samples. See table below. 
 
   
  Table 8.4.2  

Fortification Mixture Concentration Volume added to  
Samples 

TCMX/DCBP Surrogate mix in hexane 0.05 ug/mL TCMX/ 0.5 ug/mL 
DCBP 

0.500 mL 

Aroclor 1016 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1221 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1232 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1242 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1248 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1254 Spike mix in hexane 0.500 ug/mL 0.500 mL 
Aroclor 1260 Spike mix in hexane 0.500 ug/mL 0.500 mL 

          
 
  8.2.5 Rinse the inside and the outside connecting joints of the condenser units that will be used to 

condense the extraction solvent during the soxhlet extraction of the sample.  Turn on chiller to cool 
the condensers. 

 
  8.2.6 Place the round bottom flask with attached soxhlet extractor onto a heating mantle and attach 

condenser unit.  Turn corresponding thermostats on to setting 5.  
Double check soxhlets at this time for any cracks or chips which may leak solvent.  Once the 
solvent begins to boil, a flushing action of three or more flushes per hour should be achieved. 

  8.2.7 The samples should be extracted overnight for a minimum of 18 hours.  Once the sample has 
finished extracting (usually in the morning), turn the heating mantle off and allow samples to cool 
to room temperature.  Once cool, rinse the inside of the condenser with several pipet volumes of 
hexane.  Disengage the soxhlet and condenser unit and rinse the joint off as well into the soxhlet. 

  8.2.8 Move all round bottom and soxhlet units to the fume hood.  The diethyl-ether in the samples will 
continue to release vapors.  Using 10 mL pipets push the PUF down to release solvent from the 
PUF and allow the unit to drain into the round bottom.       

  8.2.9 Rinse the connecting joint into the round bottom. Set the soxhlet aside at this time and leave it in 
the hood to evaporate the remaining diethyl -ether. Procure the same number of turbo tubes as 
there are samples.  Rinse all the turbotubes with hexane and let dry.  Using an individual turbotube 
stand, label a turbotube with the corresponding sample ID number and place in the holder.  Pour 
the contents of the round bottom into the turbotube, using a pipet and hexane to rinse the last drop 
out of the mouth of the round bottom.  Rinse the round bottom with several pipetfuls of hexane, 
swirl gently, and decant into same turbo tube.  Repeat this step twice for same sample, then repeat 
all preceding steps for all other samples. 

  8.2.10 All glassware must be rinsed with technical grade (tech)-acetone or a "for rinsing-only" labeled 
solvent, and dried in the hood before other cleaning steps. 

 8.3 Solvent Reduction: TurboVap Evaporator System 

  8.3.1 The TurboVap evaporator system is used in place of the Kuderna Danish (KD)-concentrator 
apparatus. The turbovap uses a heated water bath and positive pressure nitrogen flow/vortex 
action. The unit maintains a slight equilibrium imbalance between the liquid and gaseous phase of 
the solvent extract which allows fractional reduction of the solvents without loss of higher boiling 
point analytes. 
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  8.3.2 Turn the unit on  (switch is located on the back side of the unit) and allow to heat up to the  
specified temperature for individual solvent use.  This is indicated by the "Heating" display light, 
located above the temperate control knob on the right side of the unit.  The system is at the proper 
temperature when the "At Temperature" light is lit.  This is located above the "Heating" display 
light. 

  8.3.3 As a precaution the TurboVap system regulators should be checked to assure that no residual gas 
pressure remains within the system and that the gas cylinder valve and gas pressure regulators are 
both off before placing samples in the apparatus.  Residual gas pressure may cause splashing and 
cross contamination of samples.  To bleed the system of residual gas pressure place an empty turbo 
tube into the water bath and close the lid. Make sure that the nitrogen gas cylinder valve is turned 
off and slowly turn on the gas pressure regulator.  Bleed any residual gas until the regulator output 
pressure gauge reads "0" psi.  Proceed to 8.3.4. Make sure to wipe down all surfaces with hexane 
before concentration samples. 

  8.3.4 Place the turbo tube containing the samples into the Turbovap and close the lid.  Turn on the gas 
cylinder valve first and then begin slowly turning the pressure regulator on.  Keep the gas pressure 
very low, until the solvent level is decreased, to avoid splashing. Increase the gas pressure as the 
sample reduces maintaining uniform flow throughout the reduction. 

  8.3.5 The process for solvent (hexane/ether) reduction takes approximately 20-30 minutes.  Do not leave 
the unit unattended as extracts may be blown to dryness and PCB loss may occur. Immediately 
notify a supervisor if an extract is blown to dryness. 

  8.3.6 Concentrate the solvent to approximately 1.0 mL.  Remove the samples from the turbovap and 
place in the rack.  The remaining solvent will consist largely of hexane since the ether component 
is fractionally removed at a faster rate than hexane; however, a solvent exchange with hexane 
should be completed 3x to ensure the ether has been entirely removed.  NOTE: Not all samples 
will evaporate at the same rate; sample extracts containing large amounts of petroleum or other 
non-volatile liquids may stop reducing before the 1.0 mL point is achieved. Samples which stop 
reducing should be removed as soon as possible.  

  8.3.7 Quantitatively transfer the sample extract with a disposable transfer pipette into an appropriate 
volumetric flask (5mL for PUF extracts).  Rinse Turbotube with 2 pasteur pipets of hexane, then 
transfer the rinse to the volumetric.  After the sample has been transferred, rinse the disposable 
transfer pipet with 0.5mL of hexane into the volumetric flask.  Add hexane to the volumetric 
meniscus mark. Invert the volumetric flask at least three times to mix completely. Decant the 
contents into a pre-labeled 4 dram vial. 

 
  8.3.8 All dirty glassware must be rinsed with tech-acetone or a "For Rinsing-Only" labeled solvent and 

dried in the fume hood before being washed. 

 8.4 Sample Extract Cleanup 

Most extracts of environmental samples that are to be analyzed for PCBs by gas chromatography with 
electron capture detection contain co-extracted xenobiotics and other interfering substances which must be 
removed before accurate chromatographic analysis can be performed. 

Not all clean-up procedures need to be performed on every sample and several are sample matrix specific. 
The experience of the analyst combined with the sampling site history should guide the selection of which 
clean-up procedures are necessary. The sequence and number of repeats of cleanup steps performed are 
recorded by the sample preparation chemist in the extraction logbook. 

Sample extract cleanups are performed on set volume extracts.  The final concentrated extract volume is 5 
mL for PUF samples. 
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  8.4.1 Sulfuric Acid Wash 
 

  8.4.1.1 The concentrated sulfuric acid treatment removes hydrocarbons and other organic 
compounds which are co-extracted with the PCB residues. 

 
  8.4.1.2 Chill the sample to approximately 00C.  Add 2.0 mL concentrated H2S04 and shake for 30 

seconds by hand, centrifuge for approximately 1 minute on a setting of #4, transfer the 
hexane upper layer to 4 dram vial. 

  8.4.1.3 Repeat 8.4.2 if the sample extract appears to be heavily loaded (opaque) with colored 
material. Two to three acid washes may be required. Note: it is entirely possible that all 
colored material will not be removed from the extract. 

 
  8.4.2 Elemental Sulfur Clean-up 

  8.4.2.1  Elemental sulfur is soluble in the extract solvents used for sediment and soil samples.  It  
is commonly found in many PUF/sediment/soil samples, decaying organic material, and  
some industrial wastes.  Large amounts of sulfur can cause the electron capture detector   
(ECD) to signal saturate for long periods during the elution envelope of PCBs.   
 Even small amounts of sulfur can interfere with PCB measurement as a co-eluting           
 chromatographic peak.  PUF samples normally have less sulfur than sediment/soil           
 samples. 

  8.4.2.2 Two techniques exist for the elimination of elemental sulfur in PCB extracts. Mercuric 
precipitation (Mercury Shake) and the Tetrabutylammonium (TBA) sulfite procedure. 
Tetrabutylammonium sulfite causes the least amount of degradation of a broad range of 
pesticides and organics compounds, while mercury may degrade organophosphorus and 
some organochlorine pesticides.  The TBA procedure also has a higher capacity for 
samples containing high concentrations of elemental sulfur. 

  8.4.3 Removal of Sulfur Using Mercury 

 Note: Mercury is a highly toxic metal.  All operations involving mercury should be performed 
within a hood.  Prior to using mercury, the chemist should become acquainted with proper 
handling and emergency spill/clean-up procedures associated with this metal and must 
have reviewed the material safety data sheet MSDS. 

  8.4.3.1 Add 1-3 drops of mercury to the sample extracts, cap, and place on the wrist shaker for 30 
mins.  The sulfur is converted to mercuric sulfide and precipitates out of the sample 
extract.  A black precipitate may be seen in sample extracts containing elemental sulfur.  

  8.4.3.2 Remove the sample extracts from the wrist shaker and place in the centrifuge for 2 
minutes on speed setting on #4. 

8.4.3.3 Transfer the sample extract to a clean 4 dram vial. 
 

  8.4.3.4 The precipitated sulfur can be removed from the extract by performing a sulfuric acid  
clean-up or a Florisil slurry. 

 
 
 8.5 Florisil Adsorption (Slurry) 

  
  8.5.1 The florisil slurry removes co-extracted polar compounds, residual water, and residual acid and is 

recommended as the final cleanup step before the extract is submitted for GC analysis.  

  8.5.2 Add approximately 0.5 grams of tested and approved deactivated florisil to each vial containing 
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the sample extract. SEE EXTRACTION SUPERVISOR FOR THE APPROPRIATE 
DEACTIVATION CONCENTRATION TO BE USED.  

  8.5.3 Vigorously shake the vial for approximately 1 min by hand or on the wrist shaker. 

  8.5.4 Place the vial(s) into the centrifuge for 2 minutes on setting #4. 

  8.5.5 Transfer the extract to a clean 4 dram vial. 

 8.6 Extract Screening and Dilution: 
 

  8.6.1 PCB extracts are ordinarily screened by GC initially to determine the approximate concentration 
before final analysis. Prior site history and client supplied estimates of sample concentration may 
be used to determine what, if any, extract dilution is necessary.  Extracts of unknown 
concentration are generally screened at a 10 to 100 fold dilution.   

 
  8.6.2 The supervising chemist is responsible for determining initial screening dilutions. Extract dilutions 

are prepared by transferring an aliquot of the original sample extract into a vial containing the 
correct amount of "make up" volume of hexane. For example, a 1 to 10 dilution is performed by 
adding 1.0 mL of the extract to 9.0 mL hexane. The vial containing the diluted extract is labeled 
denoting the equivalent extract volume after the dilution; e.g. a 5mL extract diluted 1 to 10 is 
labeled "250X",  an undiluted 25mL extract is labeled "25X".  
When high dilutions are prepared, secondary (serial) dilutions of the initial diluent are prepared; 
e.g. a 100 fold dilution is prepared by a 1 to 10 dilution of the initial extract,then a 1 to 10 dilution 
of the resulting diluent.  

8.6.3 Perform the dilution using an appropriate class A disposable volumetric pipet to transfer the 
extract and a calibrated volumetric autodispensette to dispense the make-up volume of hexane.  
Make sure that the vial is properly labeled. Cap and invert the vial at least three times to 
thoroughly mix the extract with the solvent. 

8.6.4 Transfer 1 mL of the extract to a labeled 1.5 mL GC autosampler vial. Record the screening 
dilution and Set Volume in the Log Book, enter data into the LIMS. Create a Access Report Sheet 
prepared in LIMS.  Submit the Access Report Sheet, a photocopy of the logbook, and completed 
internal chain of custody tracking form with the sample extracts to the GC analyst. 

 
9.0 Quality Assurance/Quality Control  

 
9.1 Verification PUF sample:  
 
 Averification (a.k.a. certification) PUF sample is a cartridge and filter assembly that has been pre-cleaned as described in 

SOP NE_153 before delivery to field personnel or laboratory client 
 

9.1.1  Extract and prepare one pre-cleaned PUF cartridge/filter assembly at a batch frequency described in the client’s 
sampling/analytical plan. Note: Method TO-4A requires one verification PUF/Filter per extraction batch (or of 10 
% of batch whichever greater). 

 
  9.1.2  Submit extract for analysis by GC-ECD (EPA Method 8082) as described in 8.6.4. 
 
  9.1.3  GC analysis of verification PUF must exhibit chromatogram free of PCB Aroclors (< Practical Quantitation Limit) 

and also be free of interfering non-target co-eluting contaminants. If PUF exhibits either contamination, re-prepare 
batch according to SOP NE_153. The default Practical Quantitation Limit for Method TO-4A is 0.100 ug total 
PCB. 

 
 9.2 Laboratory Method Blank  
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9.2.1  A Laboratory method blank sample is prepared and extracted with each site sample extraction batch of up 
to 20 samples. A pre-cleaned PUF and filter is spiked with surrogate solution and extracted and prepared 
identically to project samples. The analyte concentration must be less than the Practical Quantitation Limit. 
If the blank concentration exceeds the PQL the laboratory client is notified and data is qualified (B-flagged) 
and a case narrative is generated. All analysis must cease until the source of contamination is isolated and 
the problem is resolved. The default Practical Quantitation Limit for Method TO-4A is 0.100 ug total PCB. 

 
 9.3 Laboratory Control Spike/ Laboratory Control Spike Duplicate Sample 
   

9.3.1  A laboratory control spike(LCS)/ laboratory control spike duplicate (LCSD) sample is prepared by spiking 
a pre-cleaned PUF cassette and filter with an Aroclor of interest applicable to the project. If the aroclor of 
interest is unknown rotate the spike between the 7 common Aroclors: Aroclor 1016, 1221, 1232, 1242, 
1248 1254 and 1260. See table 8.2.4 for spike information. The percent recovery must meet project 
specified or laboratory established limits. The default Recovery Limit is 60-140 %. 

 
9.3.2  Prepare LCS and LCSD samples at frequency specified in the clients sampling and analysis plan. The 

laboratory default is one LCS, LCSD per batch or 20 site samples whichever is greater. 
 
9.3.3  IF the LCS/LCSD does not meet recovery limits the extraction of samples must stop until the problem is 

identified and corrected. The client is notified and a case narrative is issued to the client along with the 
affected data describing the LCS failure. Re-extraction of PUF samples is not possible. 

 
9.4 Field Spike Sample 
 
 9.4.1  A field spike sample is prepared for each 20 PUF cartridges supplied to field personnel or as the client’s 

field sampling analysis plan requires. The spike is prepared in the same fashion as an LCS sample and is 
shipped to the field and then returned to the laboratory unopened. The Field Spike sample is extracted and 
analyzed with the sample batch. The percent recovery criteria and corrective action are the same as the 
LCS/LCSD sample described in section 9.3. 

 
9.5 Surrogate Spike 
 
 9.5.1  Every site sample and QC sample is spiked with the TCMX/DCBP surrogate solution described in table 

8.4.2. The Surrogate recovery must meet project specified limits or default limits (60-120%). If the 
surrogate recovery does not meet specified limits then identify the problem, re-analyze extract by GC if 
necessary and provide case narrative describing the problem along with associated sample concentration 
results. 

 
9.6 Field Blank Sample 
 
 9.6.1  A Field blank sample consists of a pre-cleaned cartridge assembly that as packaged and shipped to field 

personnel un-opened. The un-opened PUF is returned to the laboratory and analyzed with the sample batch. 
The PCB concentration should be less than the Practical Quantitation Limit. If PCBs are observed greater 
than the PQL compare results with laboratory method blank. Notify the client/field personnel of the 
problem and generate a case narrative that is issued with the analytical results. 

 
10.0 Sample Collection, Preservation and Holding Times 
   

10.1 Samples are collected as per EPA method TO-4A and the client’s Field Sampling and Analysis Plan. Northeast 
Analytical does not provide field sample collection services for air monitoring projects. Samples should be stored at < 
4 degrees Celsius until shipping to laboratory. 

 
10.2 Field samples are shipped to the laboratory in a cooler chilled with Ice (<4 Degrees Celsius). 

 
10.3 Upon receipt samples are stored in laboratory under refrigeration at < 4 degrees Celsius until extraction. 

 
10.4 Samples must be extracted within 7 days of collection and analysis must be performed within 40 days of extraction. 
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12.0   Attachments 

A. Method Outline Summary 
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ATTACHMENT A:  METHOD OUTLINE 

 
 

MMEETTHHOODD  OOUUTTLLIINNEE  FFOORR  PPUUFF  EEXXTTRRAACCTTIIOONN  UUSSIINNGG  SSOOXXHHLLEETT  TTEECCHHNNIIQQUUEE  
 
 
1. PREPARE FUME HOOD AND SAMPLES FOR EXTRACTION                             
 
2. RINSE GLASSWARE AND LET DRY 
 
3. SET UP SOXHLET EXTRACTOR APPARATUS 
 
4. ADD SURROGATES AND/OR MATRIX SPIKE 
 
5. EXTRACT SAMPLE FOR APPROXIMATELY 16 HOURS 
 
6. BREAKDOWN SOXHLET EXTRACTOR APPARATUS 
 
7. TRANSFER SOLVENT TO TURBO TUBE 
 
8. SOLVENT REDUCTION, USING THE ZYMARK TURBOVAP EVAPORATION SYSTEM 
 
9. TRANSFER AND SET VOLUME 
 
10. EXTRACT CLEANUP (ACID, MERCURY OR TBA, FLORISIL) 
 
11. EXTRACT DILUTION 

 
12. GC SCREENING/ ANALYSIS 



 
 

 
 

 
 

Attachment J-2  
Laboratory SOP for Test Method 
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Appendix K 

Radioisotope Analysis of Cesium-137 and Beryllium-7 in Sediments 
 
I. Background  
 
Select core samples will be geo-chronologically dated to determine the sediment depositional pattern for the area.  
The dating techniques used for this project have been successfully utilized by the United States Geological Survey 
(USGS) in a number of similar applications.  Two radioisotopes, Cesium-137 (Cs-137) and Beryllium-7 (Be-7), will 
be used for this project. 
 
Cs-137 is present in sediments due to fallout activity from open-air nuclear testing that occurred during the 1950s 
and 1960s.  Cs-137 usually can be identified in sediments after 1955, when open-air nuclear testing was initiated.  
Measurable Cs-137 concentrations are expected to represent deposition from 1955 to present.  Sediments deposited 
after 1963 are expected to have lower concentrations of Cs-137 due to restrictions on open-air nuclear testing.  Thus, 
both 1963 and 1955 horizons may be detectable.  A sudden transition of Cs-137 values in sediment from measurable 
to non-detectable (or low) Cs-137 levels as the sediment depth increases can be interpreted as the 1954 Ahorizon@ in 
the sediment bed. 
 
To verify that sampling procedures did not disturb the sediment profile, Be-7 may be analyzed.  Be-7 is naturally 
occurring in sediments and may be analyzed in surface sediment sections to confirm recent deposition.  Due to the 
short half-life of this isotope, Be-7 detected in samples is representative of deposition occurring within 
approximately one year.  The identification of recent deposition at the surface of a core increases the confidence that 
the sample core was collected and delivered to the laboratory intact. 
 
The Adating@ analyses are designed to provide an approximate measure of the rate of historic sediment deposition, 
and will serve to provide a projected sediment deposition rate. 
 
II.  Principle, Scope, and Application 
 
This procedure presents the methods for determining gamma emitting radioisotopes by lithium-drifted germanium 
and high purity germanium detectors with high resolution spectrometry in sediment.  The method can be 
summarized as follows: 
 

• Collect sediment cores following the procedures in Appendix F; 
• Section cores into samples as specified in Appendix F; 
• Dry and crush samples; 
• Weigh into planchet or other standard counting geometry container; and 
• Analyze by gamma spectrometry. 

 
Each sample to be assayed is prepared and counted in general geometries such as 300-mL or 150-mL bottles, or 2-
inch planchet geometries.  Calibration checks will be performed on 2-inch diameter standards. 
 
Gamma spectrometry is the basis of this analysis.  The 661.6 kilectron volts (KeV) emission is measured to quantify 
Cs-137.  The 477.6 KeV emission is measured to quantify Be-7. 
 
Samples are counted on large (>55-cc) germanium detectors connected to Nuclear Data 6620 data acquisition and 
data computation systems.  All resultant spectra are stored on magnetic tape. 
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The analysis of each sample consists of calculating the specific activities of all detected radionuclides or the 
detection limits. 
 
III. Range of Measurement 
 
The range of measurement is expected to be 0 to 50 picoCuries per gram  (pCi/gm).  The working range of the 
detection system is at least 0 to 5,000 pCi. 
 
IV. Limit of Detection 
 
The limit of detection is approximately 0.1 pCi/gm at counting time based on the analysis of a minimum 10-gram 
sample with an overnight count.  With larger samples (in 150-mL or 300-mL bottles) similar detection limits can be 
obtained with shorter counting intervals. 
 
V. Interferences 
 
A high-resolution germanium/lithium detector is adequate to avoid interferences from other radionuclides. 
 
VI. Procedures 
 
Step 1 - Dry a 10-gram to 300-gram aliquot in an oven for at least one hour at 103 to 105oC.  Cool the sample in a 

desiccator and weigh.  Repeat the cycle of drying at 103 to 105oC, cooling, desiccating, and weighing 
until a constant weight is obtained or until loss of weight is less than 4 percent of the previous weight. 

 
Step 2 - Crush the dried sample using a mortar and pestle. 
 
Step 3 - Transfer the crushed sample into a pre-tared 2-inch diameter stainless steel planchet or into a 150 to 300-

mL plastic bottle. 
 
Step 4 - Reweigh the sample and pre-tared sample container and record the weight of the crushed sample. 
 
Step 5 - Analyze the samples using the high resolution germanium detector apparatus.  Utilize the attached 

computer system following the manufacturers recommended procedures for data acquisition and 
reduction. 

 
VII. Quality Control 
 
Standards Calibration 

 
Mixed gamma ray standards traceable to the National Bureau of Standards are used to calibrate the various standard 
sample geometries described above.  Each standard has been counted on each germanium detector and an efficiency 
versus energy curve was determined for each geometry for the energy range of approximately 50 KeV to 2 MeV. 
 
Each standard lists the manufacturer of the nuclides, the certificate numbers, nuclides, and activities of the nuclides 
at a reference time.  The counting of the standards are recorded in a log containing the sequential listing of every 
sample (including backgrounds and standards) by detector number and sample number. The start date, time and 
duration of count are recorded.  The magnetic tape number and storage location are also recorded.  The magnetic 
tapes will be made available to Blasland, Bouck & Lee prior to destruction. 
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The primary precaution in preparing standards is to maintain the activity level below that which would create more 
than a one percent Adead-time@ effect in the electronics (approximately 1,000 counts per minute).  The temperature 
of the room is maintained at a constant temperature with thermostatically controlled air conditioning and heating 
units. 
 
GE(Li) Detector Calibration 
 
Upon preparation of calibration standards for each geometry, all Ge(Li) detectors are calibrated for efficiency with 
each standard once per year.  Efficiencies for other energies are calculated by a computer using a curve-fitting 
program using the above energy calibrations as reference points.  The energy calibration is performed by adjusting 
electronic discriminators and amplifier gains so that each channel of a 2048 channel pulse height analyzer represents 
one KeV of energy. 
 
Each standard in solution is diluted in the matrix recommended by the manufacturer of the standard.  Each 
individual counting standard is prepared by volumetric aliquoting of an appropriate activity size. 
 
System Calibration Check 
 
Once a week, the 2-inch diameter standard is counted on each detector for energy, efficiency, calibration, and 
resolution.  The efficiencies of the appropriate energies are calculated and plotted on a control chart.  The length of 
count is present to a time sufficient to obtain counting statistics of 5% or better. 
 
VIII.  Data Reduction 
 
Results are calculated as follows: 
 

A =         (N/dt-B)        
2.22 (E)(V)(D)(I) 

 
E =   2 [(N/dt+B)/dt]2 

2.22 (E)(V)(D)(I) 
 

L.T. =     4.66 (B/dt)2     
2.22(E)(V)(D)(I) 

 
where: 
 

A     = activity, pCi/gm 
E     = 2 sigma counting error, pCi/gm 
L.T.    = detection limit, pCi/gm 
I     = branching intensity of nuclide (fractional abundance) 
N     = number of counts in the peak region 
dt    = counting interval, minutes 
2.22   = dpm/pCi 
E     = counter efficiency in the peak region 
V     = sample mass, grams 
D     = radioactive decay factor from collection to mid-count time 
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B     = background count rate in the peak region cpm.  This is derived from the sample 
spectrum as the average of count rates at the borders of the peak region. 

Corrective Actions 
 
When a detector is determined to be out of control, the laboratory manager or the person designated by the 
laboratory manager will evaluate the detector and the electronic system to determine the cause of the problem.  The 
detector will be labeled Anot to be used to analyze samples@ while designated out of control.  Corrective action must 
be documented in the maintenance log kept in the laboratory.  If a sample (or samples) had been counted during a 
time period for which the detector was judged out of control, the sample (or samples) are counted a second time on a 
detector which is within control limits. 
 
References 
 

Teledyne, Inc. Methods: 
 

PRO-042-5    Determination of Gamma Emitting Radioisotopes. 
 

PRO-042-44   Calibration of Ge(Li) Gamma Ray Spectrometers. 
 

IWL-0032-395  Quality Assurance Manual; Environmental Analysis Department Compliance With 0CFR50, 
Appendix B, Compliance With Regulatory Guide 4.15. 

 
IWL-0032-365  Quality Control Internal Controls and Audits Environmental Analysis Department. 
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Appendix L 
 
Handling, Packing, and Shipping Procedures 
 
I. Chain-of-Custody Procedures 
 
Step 1 - Prior to collecting samples, complete the chain-of-custody (COC) form (Attachment L-1) header 

information by filling in the project number, project name, and the name(s) of the sampling 
technician(s). Please note that it is important that COC information is printed legibly using indelible 
ink.  

 
Step 2 - After sample collection, enter the individual sample information by filling in the following COC fields: 
 

1. STA. NO. - Indicates the station number or location that the sample was collected from.  
Appropriate values for this field include well locations, grid points, or soil boring identification 
numbers (e.g., MW-3, X-20, SB-30, etc.). 

 
2. Date - Indicates the date that the sample was collected.  The date format to be followed should be 

mm/dd/yyyy (e.g., 03/07/2000). 
 
3. Time - Indicates the time at which the sample was collected.  The time value should be presented 

using the military format.  For example, 3:15 P.M. should be entered as 15:15. 
 
4. Comp - This field should be marked with an “X” if the sample was collected as a composite. 
 
5. Grab - This field should be marked with an “X” if the sample was collected as an individual grab 

sample. 
 
6. Station Location - This field should represent the complete sample name.  Although, in some 

instances it may be similar to the STA. NO. field.  An example of a complete sample name is SB-3 
(0.5-1.0), where the 0.5-1.0 represents the depth interval in feet from where the sample was 
collected.  Please note that it is very important that the use of hyphens in sample names and the 
depth units (i.e., feet or inches) remain consistent for all samples entered on the COC form.  
Sample names may also use the abbreviations “MS/MSD,” “FB,” “TB,” and “DUP” as prefixes or 
suffixes to indicate that the sample is a matrix spike/matrix spike duplicate, field blank, trip blank, 
or field duplicate, respectively. 

 
7. Number of Containers - This field represents the number of containers that were collected at the 

sampling location to be submitted for analysis. 
 
8. Analytical Parameters - The analytical parameters that the samples are being analyzed for should 

be written legibly on the diagonal lines to the right of the “number of containers” column.  The 
analytical parameters should be chosen from those presented in Table 5. As much detail as possible 
should be presented to allow the analytical laboratory to properly analyze the samples.  For 
example, polychlorinated biphenyl (PCB) analyses may be represented by entering “PCBs” or 
“Method 8082.”  Multiple methods and/or analytical parameters may be combined for each column 
(e.g., PCBs/VOCs/SVOCs or 8082/8260/8270).  These columns should also be used to present 
project-specific parameter lists (i.e., Appendix IX+3 minus herbs and pests).  QA/QC information 
may also be entered in a separate column for each parameter (e.g., PCBs - MS/MSD) to identify a 
sample that the laboratory is to use for a specific QA/QC requirement.  Each sample that requires a 
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particular parameter analysis will be identified by placing an “X” in the appropriate analytical 
parameter column. 

 
9. Remarks - The remarks field should be used to communicate special analytical requirements to the 

laboratory.  These requirements may be on a per sample basis such as “extract and hold sample 
until notified” or may be used to inform the laboratory of special reporting requirements for the 
entire SDG.  Reporting requirements that should be specified in the remarks column include: 1) 
turn around time; 2) contact and address where data reports should be sent; 3) name of laboratory 
project manager; and 4) type of sample preservation that was utilized. 

 
10. Relinquished By - This field should contain the signature of the sampling technician that 

relinquished custody of the samples to the shipping courier or the analytical laboratory. 
 
11. Date - Indicates the date that the samples were relinquished.  The date format should be 

mm/dd/yyyy (e.g., 03/07/2000). 
 
12. Time - Indicates the time that the samples were relinquished. The time value should be presented 

using the military format.  For example, 3:15 P.M. should be entered as 15:15. 
 
13. Received By - This field should contain the signature of the sample courier or laboratory 

representative that received the samples from the sampling technician. 
 
Step 3 - Complete as many COC forms as necessary to properly document the collection and transfer of the 

samples to the analytical laboratory. 
 
Step 4 - Upon completion of the COC forms, forward two copies to the analytical laboratory and retain one for 

the field records.  The field records copy should also be sent to Patrick Foos at BBL by facsimile at 
(315) 449-2347. 

 
II. Handling 
 
Step 1 - After completing the sample collection procedures, record the following information in the field 

notebook with indelible ink: 
 

• project number and site name; 
• sample identification code and other sample identification information, if appropriate; 
• sampling method; 
• date; 
• name of sampler(s); 
• time; 
• location (project reference); and 
• any other comments. 

 
Step 2 - Fill in sample label (Attachment L-2) with the following information in indelible ink: 
 

• sample type (e.g., surface water); 
• project number and site name; 
• sample identification code and other sample identification information, if applicable; 
• analysis required; 
• date; 
• time sampled; 
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• initials of sampling personnel; 
• sample type (composite or discrete); 
• tissue preparation procedure (biota; e.g. fillets, whole body), if applicable; and 
• preservative added, if applicable. 

 
Step 3 - Cover the label with clear packing tape to secure the label onto the container. 
 
Step 4 - Check the caps on the sample containers to ensure that they are tightly sealed. 
 
Step 5 - Wrap the sample container cap with clear packing tape to prevent it from becoming loose. 
 
Step 6 - Place a signed custody seal label (Attachment L-3) over the cap such that the cap cannot be removed 

without breaking the custody seal.  Alternatively, if shipping several containers in a cooler, custody 
seal evidence tape may be placed on the shipping container as described below. 

 
III. Packing 
 
Step 1 - Using duct tape, secure the outside and inside of the drain plug at the bottom of the cooler that is used 

for sample transport. 
 
Step 2 - Place each container or package in individual polyethylene bags (resealable-type) and seal.  If a cooler 

temperature blank is supplied by the laboratory, it should be packaged following the same procedures 
as the samples.  If the laboratory did not include a temperature blank, do not add one since the sample 
temperature will be determined by the laboratory using a calibrated infrared thermometer. 

 
Step 3 - Place 1 to 2 inches of cushioning material (i.e., vermiculite) at the bottom of the cooler. 
 
Step 4 - Place the sealed sample containers upright in the cooler. 
 
Step 5 - Package ice or blue ice in small resealable-type plastic bags and place loosely in the cooler.  Do not 

pack ice so tightly that it may prevent addition of sufficient cushioning material.  Samples placed on 
ice will be cooled to and maintained at a temperature of approximately 4°C. 

 
Step 6 - Fill the remaining space in the cooler with cushioning material. 
 
Step 7 - Place the completed COC forms (Attachment L-1) in a large resealable-type bag and tape the bag to 

the inside of the cooler lid. 
 
Step 8 - Close the lid of the cooler and fasten with packing tape. 
 
Step 9 - Wrap strapping tape around both ends of the cooler. 
 
Step 10 - Mark the cooler on the outside with the following information: shipping address, return address, 

“Fragile” labels (Attachment L-4) on the top and on one side, and arrows indicating “This Side Up” 
(Attachment L-4) on two adjacent sides. 

 
Step 11 - Place custody seal evidence tape (Attachment L-4) over front right and back left of the cooler lid and 

cover with clear plastic tape. 
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Note: Procedure numbers 2, 3, 5, and 6 may be modified in cases where laboratories provide 
customized shipping coolers.  These coolers are designed so the sample bottles and ice packs fit 
snugly within preformed Styrofoam cushioning and insulating packing material. 

 
IV. Shipping 
 
All samples will be delivered by an express carrier within 48 hours of sample collection.  Alternatively, a 
laboratory courier may be used for sample pickup. If parameters with short holding times are being analyzed 
[i.e., VOCs (EnCore™ Sampler), nitrate, ortho-phosphate (dissolved), and BOD], sampling personnel will take 
precautions to assure that the maximum holding times for these parameters will not be exceeded. 
 
The following COC procedures will apply to sample shipping: 
 
• Relinquish the sample containers to the laboratory via express carrier or laboratory courier.  Alternatively, 

samples may be taken to the sample handling area at the GE Pittsfield laboratory where they will be 
packaged for transport.  The signed and dated forms should be included in the cooler.  The express carrier 
will not be required to sign the COC forms. 

 
• When the samples are received by the laboratory, the laboratory personnel shall complete the COC by 

recording the data and time of receipt of samples, measure and record the internal temperature of the 
shipping container, and then check the sample identification numbers on the containers to ensure that they 
correspond to the COC forms. 



 
 

 
 

 
 

Attachment L-1  
Chain of Custody Form 





 
 

 
 

 
 

Attachment L-2  
Sample Label





 
 

 
 

 
 

Attachment L-3  
Custody Seal Label 





 
 

 
 

 
 

Attachment L-4  
Shipping Container Labels 
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Appendix M 
 
Shipment of Department of Transportation Hazardous Materials 
 
I. Introduction 
 
Selected materials collected and shipped to analytical laboratories during this project may be subject to the 
requirements of the United States Department of Transportation (USDOT) Hazardous Materials Regulations 
(HMR) and the International Air Transport Association (IATA) Dangerous Goods Regulations (DGR). 
 
II. Shipment Summary 
 
The sample shipment procedure consists of 11 steps. A summary of the 11 steps for shipping samples is 
described below. 
 
• Determination of Proper Shipping Name and Material Classification for the Material. 
 
• Identify Shipping Name and Shipping Requirements in List of Dangerous Goods. 
 
• Determine Mode of Transport and Carrier. 
 
• Determine Operator-/Carrier-Specific Requirements. 
 
• Define Quantity Limitations for Materials to be Shipped. 
 
• Identify Packing. 
 
• Select Packaging Components and Package Material. 
 
• Pack Samples and Verify Packaging Restrictions, Specifications, and Quantities.    
 
• Implement Marking and Labeling Requirements for Package. 
 
• Complete Shipper’s Declaration for Dangerous Goods.  
 
• Record Acceptance of Shipment by Dangerous Goods Transporter.  
 
III. Sample Shipping Procedure 
 
Shipment procedures consist of 11 steps. A summary of the 11 steps for shipping of materials is described 
below. 
 
Step 1 - Determination of Proper Shipping Name and Material Classification for the Material:  Based on 

available information and characteristics of the material, a determination of the classification of the 
material into Dangerous Goods/Hazardous Materials Class must be made.  Classification into one or 
more of the following classes shall be made: 

  
Class 1 Explosives; 
Class 2  Gases; 
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Class 3 Flammable Liquids 
Class 4  Flammable Solids; substances liable to spontaneous combustion; substances which, in 

contact with water, emit flammable gases. 
Class 5  Oxidizing Substances and Organic Peroxides; 
Class 6 Toxic and Infectious Substances; 
Class 7 Radioactive Material;  
Class 8 Corrosives; and 
Class 9 Miscellaneous Dangerous Goods (includes Polychlorinated Biphenyls). 

 
Step 2 - Identify Shipping Name and Shipping Requirements in List of Dangerous Goods Hazardous 

Materials Table: Based on the classification of the material and the proper shipping name for the 
material, the specific entry in the List of Dangerous Goods (Section 4 of the IATA DGR) or USDOT 
Hazardous Materials Table (HMR 172.101) can be located and the specific shipping requirements for 
the sample can be identified. 

 
Step 3 - Determine Mode of Transport and Carrier:  In order to ensure compliance with specific modal and 

operator requirements, the selected means of transport and the carrier must be identified.  
 
Step 4 - Determine Operator-/Carrier-Specific Requirements: Section 2 of the IATA DGR and USDOT 

HMR will be reviewed to determine carrier-specific requirements (i.e., Federal Express, Delta 
Airlines, etc.) and the List of Dangerous Goods/USDOT Hazardous Materials Table will be reviewed 
for model-specific restrictions (i.e., cargo aircraft, passenger aircraft, etc.). 

 
Step 5 - Define Quantity Limitations for Materials to be Shipped: The List of Dangerous Goods (Section 4 

of the IATA DGR) or USDOT Hazardous Materials Table (HMR 172.101) entry shall be reviewed for 
the material being shipped and specific quantity limitations for the material (inner packaging 
limit/outer packaging limit) shall be identified. 

 
Step 6 - Identify Packing Procedure: The List of Dangerous Goods/USDOT Hazardous Materials Table 

(HMR 172.101) shall be reviewed for the material and specific packing instructions for the material 
shall be identified. 

 
Step 7 - Select Packaging Components and Package Material: Corresponding numbered packing 

instructions in Section 5 of the IATA DGR provide acceptable packaging configurations for each 
dangerous good. USDOT HMR (173) provides acceptable packaging configurations for hazardous 
materials to be shipped via domestic ground transportation. 

 
Step 8 - Pack Material and Verify Packaging Restrictions, Specifications, and Quantities: Pack material 

in appropriate inner and outer packaging in accordance with numbered packing instruction in Section 
5 of the IATA DGR or USDOT HMR (173).  Verify that packaging restrictions, specifications, and 
maximum package quantities meet the requirements of the packing instruction.    

 
Step 9 - Implement Marking and Labeling Requirements for Package: Prior to shipping, the completed 

package must be marked and labeled in accordance with Section 7 of the IATA DGR or USDOT 
HMR.  Markings and labels may include, but not be limited to: the shipper’s name/identification, 
proper shipping name, UN identification number, hazard class, subsidiary hazards, and package 
orientation. 
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Step 10 - Complete Shipper’s Declaration for Dangerous Goods/Hazardous Materials Shipping Papers: 
An executed Shipper’s Declaration for Dangerous Goods/Hazardous Shipping Papers and/or carrier-
specific airbill (for air transport) must be presented at consignment of shipment. The Shipper’s 
Declaration for Dangerous Goods may include, but not be limited to: transport details, shipper’s 
name/identification, nature and quantity of dangerous goods, proper shipping name, UN identification 
number, hazard class, packing group, subsidiary hazards, packing instruction number, type of packing, 
authorization, emergency contact number, and additional handling information.  

 
Step 11 - Record Acceptance of Shipment by Dangerous Goods Transporter: Upon consignment of the 

shipment to a dangerous goods carrier, a completed copy of the Declaration for Dangerous 
Goods/Hazardous Materials Shipping Papers will be maintained by the shipper and copies provided to 
any emergency contacts identified on the declaration. 
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Appendix N 
 
Photoionization Detector Field Screening Procedures 
 
I. Introduction 
 
Field screening with a photoionization detector (PID) is a procedure to measure relative concentrations of 
volatile organic and inorganic compounds.  Field screening can be conducted in the head space of soil samples 
(as described below) with the PID.  The characteristics of these instruments are found in Attachment N-1. 
 
II. Materials 
 
• MiniRAE 2000 or equivalent 
• PID;  
• sample jars; 
• aluminum foil; and 
• field notebook. 
 
III. Procedures 
 
Soil samples will be field screened upon collection with the PID for a relative measure of the total volatile 
organic concentration.  PID readings will be recorded in the field notebook or the boring logs, whichever is 
appropriate. 
 
The recommended procedures for conducting analytical screening of soils utilizing a portable PID are taken 
from the Massachusetts DEP document entitled “Management Procedures for Excavated Soils Contaminated 
with Virgin Petroleum Oils Policy #WSC-89-001,” June 30, 1989.  The procedures follow: 
 
Step 1 - Half-fill two clean glass jars with the sample (if sufficient quantities of soil are available) to be 

analyzed.  Quickly cover each open top with one or two sheets of clean aluminum foil and 
subsequently apply screw caps to tightly seal the jars.  Sixteen-ounce (approximately 500 mL) soil or 
“mason”-type jars are preferred; jars less than 8 ounce (approximately 250 mL) total capacity may not 
be used. 

 
Step 2 - Allow headspace development for at least 10 minutes.  Vigorously shake jars for 15 seconds both at 

the beginning and end of the headspace development period.  Where ambient temperatures are below 
32°F (0°C), headspace development should be within a heated building. 

 
Step 3 - Subsequent to headspace development, remove screw lid to expose the foil seal.  Quickly puncture 

foil seal with instrument sampling probe to a point about one-half of the headspace depth.  Exercise 
care to avoid contact with water droplets or soil particulates. 

 
Step 4 - Following probe insertion through foil seal, record the highest meter response for each sample as the 

jar headspace concentration.  Using the foil seal/probe insertion method, maximum response should 
occur between 2 and 5 seconds.  Erratic meter response may occur at high organic vapor 
concentrations or conditions of elevated headspace moisture, in which case headspace data should be 
recorded and erratic meter response noted. 
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Step 5 - The headspace screening data from both jar samples should be recorded and compared; generally, 
replicate values should be consistent to plus or minus 20%.  It should be noted that in some cases 
(e.g., 6-inch increment soil borings), sufficient quantities of sample may not be available to perform 
duplicate screenings.  A single screening will be considered sufficient for this case. 

 
Step 6 - PID field instruments shall be operated and calibrated to yield “total organic vapors” in ppm (v/v) as 

benzene.  PID instruments must be operated with at least a 10.0 eV (+) lamp source.  Operation, 
maintenance, and calibration shall be performed in accordance with the manufacturer’s specifications 
presented in Attachment N-1. For jar headspace analysis, instrument calibration shall be 
checked/adjusted at least twice per day at the beginning and end of each day of use.  Calibration will 
exceed twice per day if conditions and/or manufacturer’s specifications dictate. 

 
Step 7 - Instrumentation with digital (LED/LCD) displays may not be able to discern maximum headspace 

response unless equipped with a “maximum hold” feature or strip-chart recorder. 
 
 



 
 

 
 

 
 

Attachment N-1  
MiniRae 2000 Operation and 

 Maintenance Manual 
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Appendix O 
 
Temperature, Turbidity, Specific Conductivity, pH, Oxidation/Reduction Potential, and Dissolved Oxygen 
Field Measurement Procedures 
 
I. Introduction 
 
Hydrochemical parameters such as specific conductance, pH, temperature, turbidity, oxidation/reduction 
potential (ORP), and dissolved oxygen (DO) of groundwater or surface water are measured in the field.  The pH 
and conductivity of the ground/surface water will be recorded using a portable meter with temperature 
compensating pH and conductivity electrodes.  If the portable meter does not have a temperature display, the 
temperature will be taken with a glass, digital, or bimetal thermometer.  The pH, specific conductivity, and DO 
meters will be calibrated twice-daily (at a minimum) in the field.  Calibration will occur before use and at the 
end of the day, and according to the manufacturer’s instructions and the procedures specified herein (which 
include USEPA analytical methods).  Additional calibration may be performed if conditions and/or 
manufacturer’s specifications dictate.  All calibration data should be recorded and filed with the project field 
records. 
 
II. Materials 
 
The following materials (or equivalent) shall be available, as required, during measurement of hydrochemical 
parameters: 
 

• two water quality (temperature/pH/specific conductivity/ORP/turbidity/DO) meters (one for back up) 
and flow-through measurement cells.  Several brands may be utilized, including: 
- YSI 6-Series Multi-Parameter Instrument; 
- Hydrolab Series 3 or Series 4a Multiprobe and Display; and/or 
- Horiba U-10 (for bailing procedures) or U-22 (for flow-through measurement cells) Water Quality 

Monitoring System.  
• appropriate calibration standards; 
• thermometer; 
• 500-mL glass container; 
• cleaning equipment (as required in Appendix W); 
• fine screw driver; 
• extra batteries; 
• field notebook; and 
• appropriate log forms. 

 
III. Procedures 
 
A. Calibration 
 
The detailed procedure for the calibration of field instruments used to measure water quality is outlined below.  
This procedure is generally derived from the June 3, 1998 USEPA Region I draft guidance document entitled 
Draft Calibration of Field Instruments (temperature, pH, dissolved oxygen, conductivity/specific conductivity, 
oxidation/reduction potential [ORP], and turbidity), which is included as Attachment O-1.  The EPA draft 
guidance document was prepared primarily to address calibration of multi-probe water quality monitoring 
instruments, but is also applicable to the calibration of most single-parameter monitoring instruments. 
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• Temperature:  Perform annual accuracy check according to procedures outlined in Attachment O-1, Steps 1 
through 3, as needed. 

 
• pH:  Perform a two-point calibration according to procedures outlined in Attachment O-1, Steps 1 through 8 

and 11 through 12.  Note that if pH values observed during field activities are outside the initial calibration 
range, re-calibration will be required.  Alternatively, a three-point calibration may be performed according 
to procedures outlined in Attachment O-1, Steps 1 through 12. 

 
• DO:  Perform a saturated air calibration according to procedures outlined in Attachment O-1, Steps 1 

through 8.  The DO probe’s membrane and electrolyte solution should be replaced prior to the sampling 
period if the instrument has been inactive for an extended time period, or as an initial response if erratic 
measurements are observed. 

 
• Conductivity/Specific Conductivity:   Perform calibration according to procedures outlined in Attachment O-

1, Steps 1 through 8. 
 
• ORP:  Perform calibration according to procedures outlined in Attachment O-1, Steps 1 through 7.  If 

possible, plot values of millivolt versus temperature for the calibration standard on graph paper to aid in 
interpolation of temperature-corrected millivolt values.  These values are usually found on the label of the 
calibration standard and may vary between solutions.  Therefore, the values should be checked for each 
bottle of calibration solution utilized, and new interpolation graphs should be prepared if necessary. 

 
• Turbidity:  Perform calibration according to procedures outlined in Attachment O-1, Steps 1 through 7.  If 

erratic readings are observed, clean detector according to manufacturer’s instructions as an initial response. 
 
B. Field Measurement 
 
The detailed procedure for obtaining the temperature, turbidity, specific conductivity, pH, ORP, and DO of a 
single water sample utilizing a multi-probe water quality monitoring instrument and flow-through cell is 
presented in Appendix D.  The detailed procedure for obtaining the temperature, turbidity, conductivity, pH, and 
DO of a single water sample is outlined below. 
 
Step 1 - The pH and conductivity will be obtained using an appropriate temperature-compensating combination 

meter.  If the combination meter does not have a temperature display, the temperature will be obtained 
using a thermometer.  The DO will be obtained using a DO meter.  The pH/specific conductivity/DO 
meters will be field calibrated in accordance with manufacturer’s instructions during each day of use as 
specified above. 

 
Step 2 - Obtain a small quantity of the water sample, place it in a clean glass container, agitate, and then 

discard.  Refill the container. Rinse the pH, specific conductivity, DO, turbidity, and temperature 
probes with distilled water.  Submerse probes into the container containing the water.  Allow 
approximately 1 minute for readings to stabilize then record the measurements on the appropriate 
forms. 

 
Step 3 - Clean the probe and cable with a non-phosphate soap and water wash, followed by a distilled/deionized 

water rinse.  Store the probe and cable in a clean container. 



 
 

 
 

 
 

Attachment O-1  
U.S. Environmental Protection Agency  

Region 1 Draft Calibration of Field Instruments 
(temperature, pH, dissolved oxygen, conductivity/ 

specific conductance, oxidation/reduction 
potential [ORP], and turbidity)
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Appendix P 

In-situ Hydraulic Conductivity Test Procedures 
 
I. Introduction 
 
In-situ hydraulic conductivity tests may be conducted at selected wells.  The  tests can be used to evaluate the 
integrity of the well screen of cased wells and for all types of well construction to determine the responsiveness of 
the well to change in static water levels; however, more importantly, estimates of the hydraulic conductivities can be 
calculated.  In-situ hydraulic conductivity testing can be performed by the falling head test by placing a slug into the 
well or by the rising head test by withdrawing a known volume of water with a bailer.  The following procedures are 
consistent for both tests, with the exception that the falling head test uses a slug and the rising head test uses a bailer. 
 
II. Materials 
 

• Photoionization detector (PID) to measure headspace vapors; 
• Stopwatch; 
• Polypropylene rope; 
• Bailer or slug; 
• Appropriate field logs/forms; 
• Water level probe; 
• Masking tape; 
• Engineer=s rule; 
• Waterproof marker; 
• Appropriate cleaning materials (as required in Appendix W); 
• Field notebook; and 
• Health and safety equipment (as required by the Health and Safety Plan). 

 
III. Procedures 
 

Step 1  - Identify site and well number on the In-Situ Hydraulic Conductivity Test Log (Attachment P-1) and/or 
field notebook along with other appropriate information collected during the in-situ hydraulic 
conductivity test. 

 
Step 2  - Open the well cover while standing upwind of the well; Remove well cap.  Insert PID probe 

approximately 4 to 6 inches into the casing or the well headspace and cover with gloved hand.  Record 
the PID reading in the field log.   If the well headspace reading is less than 5 PID units, proceed, else 
screen the air within the breathing zone.  If the PID reading is above 5 PID units, move upwind from the 
well for five minutes to allow the volatiles to dissipate.  Repeat the breathing zone test.  If the reading is 
still above 5 PID units, put on appropriate respiratory protection in accordance with the requirements of 
the Health and Safety Plan.  Record all PID readings.  For wells which are part of the regular weekly 
monitoring program and prior PID measurements have not resulted in a breathing zone reading above 5 
PID units, PID measurements will be taken monthly. 

 
Step 3  - While the water level recording probe is still at static water level, place masking tape on the water level 

recorder cable from reference point to 5 feet above the reference point. 
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Step 4  - Using a waterproof pen, mark the masking tape where static water level is reached from the reference 
point.  Label the mark AS@ for static water level. 

 
Step 5  - Remove the cable and probe from the well and place it in the plastic sheeting. 

 
Step 6  - Measure out a length of rope 10 feet greater than the depth to static water level. 

 
Step 7  - Clean the slug or bailer and the rope according to the cleaning protocol (Appendix W) and place on a 

plastic sheet near the well. 
 

Step 8  - Secure one end of the rope to the slug or bailer and the other end to the well casing using a bowline 
knot. 

 
Step 9  - Assign one person responsible for lowering the slug or bailer into the well and recording times in the 

log.  Assign another person responsible for lowering the water level probe into the well and finding 
water levels. 

 
Step 10 - Slowly lower the slug or bailer into the well unit until it is just below the water level.  Set the water 

level probe into the well to monitor the water level until it returns to initial conditions. 
 

Step 11 - Set stop watch. 
 

Step 12*-When both people are ready, remove the slug or bailer from the water and start the stop watch at the 
same      time. 
 

Step 13 - Measure water level at approximately 5-second intervals.  Where the water level is found, mark the tape 
at the reference point and record the time. 

 
Step 14 - After 3 minutes, measure water levels at approximate 15-second intervals for 5 minutes and then at 1-

minute intervals for 10 minutes.  When readings start to stabilize, they may be taken at longer time 
increments until the water level reaches static level. 

 
Step 15 - When test is completed, changes in water levels will be measured to the nearest hundredth from the 

masking tape and recorded with its corresponding change in time reading. 
 

Step 16 - Remove the masking tape from the water level probe cable and clean the probe as specified in Appendix 
W. 

 
* Steps 12-14 may be modified if a pressure transducer and automatic data logger are utilized. 



 
 

 
 

 
 

Attachment P-1 
 In-situ Hydraulic Conductivity Test Log  
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Appendix Q 

Water Level/Oil Thickness Measurement Procedures 
 
I. Introduction 
 
Monitoring well water levels and oil thicknesses will be determined, as appropriate, to develop piezometric maps and 
to monitor plume migration.  The water levels and oil thickness will be obtained using an Oil/Water Interface Probe.  
The operating and maintenance instruction manual for the probe should be reviewed prior to commencement of work 
to assure safe and accurate operation.  Standard procedures for determining water levels and oil thicknesses in 
monitoring wells are presented in this Appendix. 
 
II. Materials 
 

• Photoionization detector (PID) to measure headspace vapors; 
• Health and safety equipment (as required by the Health and Safety Plan); 
• Cleaning equipment (as required in Appendix W); 
• Oil/Water interface probe and instruction manual; 
• Plastic sheeting; 
• Measuring tape; 
• Watch (record time and day); 
• Field notebook; 
• Absorbent pads; 
• Appropriate log forms; and 
• Monitoring well keys. 

 
III. Procedures 
 

Step 1  - Identify site and well number on Water Level/Oil Thickness Monitoring Field Log (Attachment Q-1) 
and/or field notebook along with other appropriate information collected during water level 
measurement. 

 
Step 2  - Don personal protective equipment (as required by the Health and Safety Plan). 

 
Step 3  - Clean the oil/water interface probe and cable in accordance with the cleaning procedures in Appendix 

W. 
 

Step 4  - Place a piece of plastic sheeting adjacent to the well to use as a clean work area.  Cut a hole in the center 
of sheeting and place the sheet around the well.  

 
Step 5  - If oil is present in the well, place absorbent pads on plastic sheet beside the well to absorb oil which may 

be present when the oil/water interface probe is removed from the well. 
 

Step 6  - Unlock and open the well cover while standing upwind of the well.  Remove well cap.  Insert PID probe 
approximately 4 to 6 inches into the casing or the well headspace and cover with gloved hand.  Record 
the PID reading in the field log.  If the well headspace reading is less than 5 PID units, proceed; if the 
well headspace reading is greater than 5 ppm, screen the air within the breathing zone.  If the PID 
reading in the breathing zone is below 5 PID units, proceed.  If the PID reading is above 5 PID units, 
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move upwind from the well for five minutes to allow the volatiles to dissipate.  Repeat the breathing 
zone test.  If the reading is still above 5 PID units, don appropriate respiratory protection in accordance 
with the requirements of the Health and Safety Plan.  Record all PID readings.  For wells which are part 
of the regular weekly monitoring program and prior PID measurements have not resulted in a breathing 
zone reading above 5 PID units, PID measurements will be taken monthly. 

 
Step 7  - Locate a measuring reference point on the well casing.  If one is not found, initiate a reference point by 

notching the inner and outer casings with a hacksaw or by using a waterproof marker.  All down-hole 
measurements will be taken from the reference points.  The acronym TIC will designate the top of inner 
casing and the acronym TOC will designate the top of the outer casing.  If a well has both inner and 
outer casings, use the top of the inner casing as the reference point. 

 
Note  -  The following steps describe the procedures for water level measurement and detection of immiscible 

layers. For wells subject to routine monitoring (e.g., weekly, monthly monitoring locations), 
determination of the depth of the well will be performed initially and at a maximum interval of annually 
thereafter: 

 
Step 8  - Measure to the nearest hundredth of a foot and record the height of the inner and outer casing from 

reference point to ground level. 
 

Step 9  - Record the inside diameter of the well casing on the field log. 
 

Step 10 - Lower the oil/water interface probe into the well to determine the existence of any light immiscible 
layer.  Carefully record the depths of the air/light phase and light phase/water interfaces (to the nearest 
0.01 feet) to determine the thickness of the light phase immiscible layer (if present).  If no light phase 
immiscible layer is present, record the depth of the air/water interface. 

 
Step 11 - For wells in which DNAPL is to be monitored, lower the oil/water interface probe to the bottom of the 

well and carefully record the dense phase/water interface (if present) and the depth at which the bottom 
of the well is encountered.  The probe will emit a different reading (whether audible or visual) to discern 
between oil and water interfaces.  Record all interface and well depth measurements in the field book to 
the nearest 0.01 feet.  The well depth will be determined to evaluate any silt accumulation or blockage in 
the well. 

 
Step 12 - Remove cable or tape and probe from the well. 

 
Step 13 - Between wells, when obtaining water level/oil thickness measurements at more than one location, clean 

the instrument with a non-phosphate soap and water wash followed by a distilled/deionized water rinse.  
Use an appropriate-solvent rinse, if necessary, to remove oil deposits. 

 
Step 14 - Close the well when all activities are completed. 

 
Step 15 - Collect all PPE and other wastes generated for disposal (see Section IV below). 

 
Step 16 - Certain activities (i.e., monitoring programs at Lyman Street Area and East Street Area 2-South) require 

staff gauge readings of the Housatonic River during monitoring events.  If required, obtain the reading to 
the nearest 0.01 feet for the Housatonic River staff gauges adjacent to the Lyman Street parking lot 
and/or Building 64-X Oil/Water Separator in East Street Area 2-South. 
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IV. Disposal Methods 
 
Materials generated during water level/oil thickness measurement procedures, including disposable equipment, will 
be disposed of in appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going 
disposal practices. 



 
 

 
 

 
 

Attachment Q-1  
Water Level/Oil Thickness  

Monitoring Field Log



WATER LEVERL/OIL THICKNESS
MONITORING FIELD LOG

WELL No.       

Date: Time:

Project:
Project No.:

Weather Conditions:
Temerature:
Field Personnel:

Photoionization Detector Readings: Within Well - ppm
Breathing Zone (initial) - ppm

I.  Well Information

Ground to Top of Casing 
Reference Point

Inside Diameter of Casing

II.  Phase Thickness Information

Reference Mark to Top of 
LNAPL

Reference Mark to Water
Reference Mark to 
DNAPL (if applicable)
Bottom of Well (if 
applicable)

Inner Casing Outer Casing

Feet
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Appendix R 
 
NAPL Recovery Procedures 
 
I. Introduction 
 
Non-aqueous phase liquid (NAPL) encountered while performing water level/NAPL thickness measurement 
procedures will be manually recovered when quantities exceed amounts determined by General Electric (GE) 
and approved by the United States Environmental Protection Agency (USEPA). 
 
GE has developed site-wide criteria for NAPL monitoring and manual recovery requirements, standard 
procedures for assessment of new NAPL occurrences, and the feasibility of the installation of new recovery 
systems. 
 
II. Materials 
 
The following equipment and materials will be available, as required, during manual NAPL recovery efforts: 
 

• Photoionization detector (PID); 
• Health and safety equipment (as required by the Health and Safety Plan [HASP]); 
• Cleaning equipment (as required in Appendix W); 
• Plastic sheeting; 
• Field notebook or appropriate log forms; 
• Absorbent pads; 
• Peristaltic pump and tubing; 
• Bailer; 
• Non-absorbent cord (polypropylene); 
• Graduated cylinder; and 
• Container for recovered oil. 

 
III. Procedures 
 
1. Notify GE representatives that manual NAPL recovery activities will be initiated so GE can initiate 

manifesting procedures, if necessary. 
 
2. Perform water level/NAPL thickness measurement procedures in accordance with Appendix Q. 
 
3. If LNAPL is present in the well and exceeds action level quantity (see Section V below), or is observed for 

the first time in an area (see Section VI below), it must be recovered for disposal by GE. 
 
4. Remove LNAPL utilizing a bailer or peristaltic pump, transfer material into a container supplied by GE, and 

record volume. 
 
5. If DNAPL is present in the well and exceeds action level quantity (see Section V below), or is observed for 

the first time in an area (see Section VI below), it must be removed for disposal by GE. 
 
6. Remove DNAPL utilizing a peristaltic pump.  Cut a section of tubing long enough to reach the bottom of 

the well.  Leave excess tubing to allow connection to pump.  Lower the tubing to the bottom of the well.  
Pump DNAPL directly into container supplied by GE to avoid spillage of material.  Estimate the volume of 
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DNAPL removed utilizing the diameter of the well and the measured thickness of the DNAPL layer.  
Record the estimated quantity removed onto the NAPL Monitoring/Recovery Field Log (Attachment R-1). 

 
7. Do not transport liquid in vehicles along public roadways.  Notify GE that LNAPL/DNAPL has been 

collected and is ready to be picked up for disposal. 
 
8. Collect all personal protective equipment (PPE) and other wastes generated for disposal. 
 
IV. Disposal Methods 
 
Materials generated during the passive oil recovery procedures, including disposable equipment, will be 
disposed of in appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-
going disposal practices. 
 
V. Manual NAPL Removal Criteria  
 
During routine NAPL monitoring/removal activities at select GE monitoring wells, LNAPL accumulations 
observed in excess of 0.25 feet are manually removed at the time of monitoring.  For DNAPL, accumulations in 
excess of 0.5 feet are manually removed.  Exceptions to these criteria are in place for certain wells that are 
located either upgradient of sensitive receptors (i.e., any measurable quantities of NAPL are manually removed) 
or within the capture zone of automated recovery systems (i.e., no NAPL is manually removed).   
 
These manual removal criteria apply only during routine NAPL monitoring program events (i.e., weekly, 
monthly, and quarterly).  No NAPL removal is required at wells monitored for other reasons between routine 
monitoring events (e.g., during NAPL recovery testing, well inventory inspections, or other data-gathering 
activities) or in connection with GE’s semi-annual NAPL monitoring round during the spring and fall quarterly 
monitoring events (due to the performance of a bailing round, as discussed below). 
 
Approximately 1 to 2 weeks prior to the spring and fall semi-annual monitoring events, all wells where the 
presence of NAPL was observed since the prior semi-annual event are monitored and measurable thicknesses of 
NAPL are manually removed (i.e., the bailing round).  After allowing time for NAPL to return, if present, those 
wells are monitored again as part of the semi-annual monitoring event and the data obtained are utilized to 
estimate the current thickness of LNAPL in the area.  Due to the large number of wells included in the semi-
annual monitoring program, and the desire to collect the groundwater elevation data as quickly as possible to 
provide a more accurate account of flow conditions, no manual removal of NAPL from monitoring wells is 
required during the actual semi-annual data collection event (i.e., the monitoring round). The purpose for 
performing the bailing and monitoring rounds is to confirm that the NAPL present in a well is representative of 
the surrounding formation and does not reflect remnant oil that may have accumulated in the well since the last 
manual removal.  This uniform removal procedure also provides a consistent basis for comparison of data with 
future NAPL monitoring data. 
 
If a measurable thickness of NAPL is observed during the spring or fall semi-annual monitoring event in a well 
that was not addressed during the bailing round, the NAPL should be manually removed and the well should be 
monitored during the following week to gauge the NAPL thickness.  The information obtained during that 
supplemental monitoring round is utilized in GE’s assessment of the seasonal extent of NAPL.   
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VI. Assessment of New NAPL Observations  
 
This section describes the process to investigate new or anomalous NAPL observations.  Such observations may 
include either instrument detection of NAPL at a new location or detection of a type of NAPL not typically 
associated with a particular well (e.g., if DNAPL was observed in a monitoring well where LNAPL is typically 
observed).  This process generally includes the following steps: 
 

1. Confirm that NAPL is actually present at the well by bailing or pumping the well to verify that an 
instrument error did not occur.  Additionally, the NAPL will be physically observed in a jar to visually 
assess its relative density compared to water. 

 
2. Immediately notify the GE Project Manager of the new NAPL occurrence.  The GE Project Manager will 

then make any required federal or state Agency notifications, as appropriate. 
 
3. Initially, the monitoring frequency at the well will be at least once per week for a period of at least one 

month, and any observed NAPL will be removed.  If additional wells are located in the vicinity and 
screened at the appropriate interval, they will also be monitored for NAPL presence. 

 
4. Based on the results of Steps 1 and 2 above, GE may recommend that: a) the well be further evaluated for 

the potential installation of an automated recovery system based on the criteria in Section VII below; b) 
additional soil borings/monitoring wells be installed in the vicinity; or c) enhanced NAPL monitoring/ 
recovery activities be implemented. 

 
After completion of these initial assessment activities, monitoring and manual NAPL recovery (if NAPL 
thicknesses exceed the standard manual removal criteria) activities will revert to their normal intervals, pending 
Agency approval of any recommendation made by GE.   
 
VII. Criteria for Installation of Automated Recovery Systems 
 
To aid in the assessment of whether additional automated recovery systems are necessary and feasible at a given 
location where NAPL is present, several key factors should be considered, specifically: 
 

• The presence of other nearby active NAPL recovery systems; 
 

• Quantity of NAPL available (on a continuing basis) to be recovered; 
 

• Migration potential of the NAPL (considering historical monitoring data and capture areas of existing 
recovery systems); and 

 
• Technical feasibility of installing an automated recovery system. 

 
Each of these factors is discussed in more detail below. 
 
If there are already active NAPL recovery systems operating nearby, an assessment must be made as to whether 
the NAPL area in question will be addressed by the existing system.  Additional automated recovery systems are 
not required for NAPL areas that are within the capture zone of an operating active recovery system or 
positioned upgradient of it, such that the NAPL will ultimately be addressed by the existing recovery system. 
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Next, it must be confirmed whether sufficient quantities of NAPL are moving into a well to justify the potential 
installation of a recovery system.  This determination is made through the performance of a NAPL recovery test 
conducted over a 2- to 3-day period.  NAPL will be manually removed from the well, initially on an hourly 
basis, and the amount of NAPL returning to the well at each removal interval will be measured and recorded.  
Depending on the recovery rate, the time intervals of manual removal may be increased or decreased from the 
initial hourly interval.  If the average NAPL quantity that returns to the well over the duration of the test is 
significant (e.g., greater than 0.5 liter per hour, or greater than 6 to 12 inches per hour in a 2-inch well), the 
location may be deemed a potential candidate for an automated recovery system based on NAPL quantity.  
NAPL samples may also be collected during this test and analyzed for chemical and/or physical parameters if 
such data do not already exist for the NAPL area in question.  Physical testing will include specific gravity and 
viscosity.  If warranted, interfacial tension may also be measured. 
 
Following a determination that sufficient NAPL is potentially present, a more detailed analysis is necessary to 
confirm whether operation of an automated recovery system is appropriate to address the NAPL occurrence and 
to obtain sufficient information to design such a system.  This phase of the evaluation process will vary based on 
area-specific considerations, but will generally include: 
 

• Assessment of the NAPL physical and chemical properties to assess the migration potential of the 
NAPL and to aid in selection of pumping equipment and disposal options. 

 
• Assessment of factors that might limit NAPL migration, such as viscosity of the NAPL, soil types, 

hydraulic factors, and/or presence of existing physical containment barriers.  NAPLs with limited 
potential to migrate offsite or toward surface water bodies may be more appropriately addressed through 
other measures, such as an enhanced manual removal program. 

 
• Evaluation of potential migration pathways of the NAPL.  This evaluation may include the installation 

and monitoring of sentinel wells (if none already exist) downgradient of the NAPL area.  In some cases, 
installation of an automated recovery system may be deferred until downgradient migration of NAPL 
can be further assessed by routine monitoring of sentinel wells. 

 
Finally, if after completion of the above evaluations it is determined that additional responses to the presence of 
NAPL are necessary, the physical characteristics of the area where the system would be located must be taken 
into consideration, as installation of a recovery system may not be practical in some areas.  A generalized 
automated recovery system will involve a recovery well equipped with NAPL and/or groundwater removal 
pumps, a holding tank or vessel for the NAPL that is removed, and either piping to route purged groundwater to 
GE’s treatment facility or a large holding tank to store groundwater for disposal (which would need to be 
accessible to a tanker truck).  Some locations may not allow for the placement of these items due to physical or 
property ownership constraints.  In those cases, it may be necessary to implement alternative response actions, 
such as increased manual monitoring/removal. 
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Appendix S 
 
Monitoring Well Installation and Development Procedures 
 
I. Introduction 
 
Standard procedures for installing and developing overburden groundwater monitoring wells are presented in 
this Appendix.  The monitoring well installation protocol has been developed in accordance with the 
Massachusetts Department of Environmental Protection (MDEP) Standard Reference for Monitoring Wells 
(MDEP, 1991; MDEP Publication No. WSC-310-91).   
 
Soil borings and monitoring wells typically will be completed using the hollow-stem auger drilling method.  
However, direct-push techniques (e.g., Geoprobe® or cone penetrometer) may be used in some cases.  No oils 
or grease will be used on equipment introduced into the boring (e.g., drill rod, casing, or sampling tools, etc.).  
Prior to beginning work, all underground utilities will be delineated by the drilling contractor or an independent 
underground utility locator service. 
 
II. Materials 
 
The following materials shall be available during soil boring and monitoring well installation activities, as 
required: 
 

• Site Plan with proposed soil boring/well locations; 
• project Work Plan and Health and Safety Plan (HASP); 
• personal protective equipment (PPE), as required by the HASP; 
• drilling equipment required by ASTM D-1586; 
• appropriate sampling equipment (e.g., spatulas); 
• equipment cleaning materials (specified in Appendix W); 
• appropriate sample containers, labels, and chain-of-custody (COC) forms; 
• insulated coolers with ice; 
• photoionization detector (PID); 
• well construction materials; and 
• field notebook. 

 
III. Procedures for Hollow-Stem Auger Monitoring Well Installation 
 
The procedures for the installation of groundwater monitoring wells in soil using the hollow-stem auger drilling 
method are presented below: 
 
Step 1 - Locate boring/well location, establish work zone, and set up sampling equipment cleaning area. 
 
Step 2 - Advance soil boring to depth specified in work plan.  Collect representative soil samples at intervals 

specified in work plan.  The sampling method employed will be the American Society of Testing and 
Materials (ASTM) D-1586 - Standard Method for Penetration Test and Split-Barrel Sampling of Soils. 
Samples for laboratory analysis will be collected and handled using procedures outlined in Appendices 
A, B, C, and N of this document.  Fully describe each soil sample, including 1) soil type; 2) color; 3) 
percent recovery; 4) relative moisture content; 5) soil texture; 6) grain size and shape; 7) consistency; 
and 8) any other pertinent observations.  Record descriptions in field notebook.  During soil boring 
advancement, document all drilling events, including blow counts (number of blows required to 



 
 

VO 
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advance split-spoon sampler in 6-inch increments) and work stoppages, in field notebook.  Blow 
counts may not be available if direct push methods are utilized. 

 
Step 3 - Upon completion of the borehole to the desired depth, the monitoring well will be installed by lowering 

the screen and casing assembly with sump through the hollow axis of the auger column.  Monitoring 
wells typically will be constructed of 2-inch diameter, flush-threaded PVC slotted well screen and 
blank riser casing.  Smaller diameters may be utilized if wells are installed using direct-push 
methodology.  The screen length typically will be 10 feet, but will be dictated by field conditions and 
objectives.  The slot size typically will be either 0.010 or 0.020 inches.  A 1-foot sump may be attached 
below the well screen if the well is being installed for DNAPL recovery/monitoring purposes.  A blank 
riser will extend from the top of the screen to approximately 2.5 feet above grade or, if necessary, just 
below grade where conditions warrant a flush-mounted monitoring well. 

 
Step 4 - When the monitoring well assembly has been set in place, a washed silica sand pack will be placed in 

the annular space from the bottom of the boring to a height of 1 to 2 feet above the top of the well 
screen.  The graded filter sand pack will be consistent with the screen slot size and the soil particle size 
in the screened interval.  A hydrated bentonite seal, a minimum of 2 feet thick, will then be placed in 
the annular space above the sand pack.  If non-hydrated bentonite is used, the bentonite should be 
permitted to hydrate in place a minimum of 30 minutes before proceeding.  Potable water may be 
added to hydrate the bentonite if the seal is above the water table.  Monitor the placement of the sand 
pack and bentonite with a weighted tape measure. During the extraction of the augers, a 
cement/bentonite grout will be pumped through a tremie pipe to fill the annular space from the 
bentonite seal to a depth approximately 2 feet below the ground surface. 

 
Step 5 - A vented protective steel casing (extended at least 1.5 feet below grade and 2 feet above grade) shall be 

placed over the riser casing and secured by a neat Portland Cement seal.  The cement seal shall extend 
approximately 1.5 to 2 feet below grade and laterally at least 1 foot in all directions from the protective 
casing, and shall slope gently away to promote drainage away from the well.  A vented slip-on steel 
cap will be fitted on and around the protective casing.  Monitoring wells will be labeled with the 
appropriate designation both on the inner and outer well casings.  A typical aboveground well 
completion is illustrated in Attachment S-1. 

 
At those locations where a flush-mounted installation is desired, the steel protective casing will be 
replaced with a 10-inch curb box or equivalent.  When a flush-mounted installation is used, the PVC 
riser shall be sealed using an unvented expandable locking plug.  A typical flush-mount completion is 
illustrated in Attachment S-2.  

 
Step 6 - During well installation record exact construction details and actual measurements relayed by the 

drilling contractor, and tabulate all materials used (e.g., screen and riser footages, bags of bentonite, 
cement, and sand) in the field notebook. 

 
Step 7 - Following the completion of the well installation, lock the well, clean the area, and dispose of materials 

in accordance with the procedures outlined in Section IX below. 
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IV. Procedures for Direct-Push Monitoring Well Installation 
 
The direct-push drilling method also may be used to complete soil borings and monitoring wells.  Examples of 
this technique include the Diedrich ESP vibratory probe system or AMS Power Probe® dual-tube system.  
Environmental probe systems typically use a hydraulically-operated percussion hammer.  Depending on the 
equipment used, the hammer delivers 140 to 350 foot pounds of energy with each blow.  The hammer, operated 
at 1,200 blows per minute, provides the force needed to penetrate very stiff/medium dense soil formations.  The 
hammer simultaneously advances an outer steel casing which contains a dual tube liner for sampling soil.  
Depending on the system utilized, the outside diameter (OD) of the outer casing ranges from 1.75 to 2.4 inches 
and the OD of the inner sampling tube ranges from 1.1 to 1.8 inches.  The outer casing isolates shallow layers 
and permits the unit to continue to probe at depth.  The double-rod system provides a borehole that may be 
tremie-grouted from the bottom up.  Alternatively, the inside diameter (ID) of the steel casing provides 
clearance for the installation of small diameter (e.g., 0.75- to 1-inch ID) microwells.  The procedures for 
installing monitoring wells in soil using direct-push methods are described below. 
 
Step 1 - Locate boring/well location, establish work zone, and set up sample equipment cleaning area. 
 
Step 2 - Advance soil boring to designated depth, collecting samples at intervals specified in the work plan.  

Samples will be collected using dedicated, disposable plastic liners.  Describe samples in accordance 
with the procedures outlined in Step 2 of Section III above.  Samples for laboratory analysis will be 
collected and handled in accordance with procedures described in Appendices A, B, C, and N of this 
document. 

 
Step 3 - Upon completion of the borehole to the desired depth, install the microwell through the inner drill 

casing.  The microwells will consist of approximately 1-inch ID PVC slotted screen and blank riser.  
The sand pack, bentonite seal, and cement/bentonite grout will be installed as described, where 
applicable, in Section III (Steps 3 and 4) above. 

 
Step 4 - Install protective steel casing or flush-mount, as appropriate, as described in Section III (Step 5).  

During well installation, record exact construction details and tabulate all materials used. 
 
Step 5 - Following the completion of the well installation, lock the well, clean the area, and dispose of materials 

in accordance with the procedures outlined in Section IX below. 
 
V. Procedures for Well Point Installation 
 
Well points will be installed either by hollow-stem auger or direct-push methods (as described above), or hand-
driven where possible.  The well point construction materials will consist of a 1- to 2-inch diameter threaded 
steel casing with either 0.010 or 0.020 slotted stainless steel screen.  The screen length will vary depending on 
the hydrogeologic conditions of the site.  The casings will be joined together with threaded couplings and the 
terminal end will consist of a steel well point.  Sand pack will not be installed around the screen since the well 
points are intended for water level/NAPL monitoring and not groundwater sampling. 
 
VI. Equipment Cleaning 
 
All drilling equipment and associated tools, including augers, drill rods, sampling equipment, wrenches, and any 
other equipment or tools that may have come in contact with soil, shall be cleaned in accordance with the 
procedures outlined in Appendix W.  Well materials and well development equipment will also be cleaned in 
accordance with the procedures outlined in Appendix W. 
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VII. Survey 
 
A field survey control program will be conducted using standard instrument survey techniques to document well 
or piezometer location, ground, and inner and outer casing elevations.  Generally, a local control baseline will be 
set up.  If specified in the project-specific work plan, this local baseline control can then be tied into the 
appropriate vertical and horizontal datum such as the National Geodetic Vertical Datum of 1929 and the State 
Plane Coordinate System.  At a minimum, the elevation of the top of the inner casing which is used for water 
level measurements should be measured to the nearest 0.01 foot.  Elevations will be established in relation to the 
National Geodetic Vertical Datum of 1929.  A permanent mark will be placed on the top of the inner casing to 
mark the point for water level measurements. 
 
VIII. Procedures for Monitoring Well Development 
 
A. Introduction 
 
All monitoring wells or piezometers which yield water will be developed (i.e., cleared of fine-grained materials 
and sediments and any drilling fluids) to ensure the screen is transmitting groundwater representative of the 
surrounding formation groundwater.  Development will be accomplished by surging (using a surge block, where 
possible) and evacuating well water by either pumping or bailing.  Acceptable pumping methods include the use 
of the following: 
 

• electric submersible pump; 
• surface inertial pump (Waterra™ pump); 
• centrifugal pump; and  
• Moyno shaft drilling pump. 

 
When developing a well using the pumping method, dedicated polyethylene tubing from the pump is lowered to 
the screened portion of the well; the tubing will be moved up and down the screened interval until the well 
yields relatively clear water.  A procedure that may be used for well development includes moving groundwater 
through the well screen using a centrifugal pump and/or a submersible pump.  The centrifugal pump uses 
atmospheric pressure to lift water from the well and therefore can only be used where the depth to water is less 
than 25 feet.  The submersible pump is attached to the end of the tubing that goes into the well, and therefore 
pushes the water to the surface; this method is effective for all wells. 
 
B.  Materials 
 
Materials for monitoring well development using a pump include: 
 

• health and safety equipment, as required by the HASP; 
• cleaning equipment, as required in Appendix W; 
• PID to measure headspace vapors; 
• polyethylene tubing (discarded between well locations); 
• plastic sheeting; 
• power source (generator or battery); 
• field notebook; 
• graduated pails; 
• pump; 
• appropriate containers; and 
• monitoring well keys. 
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Materials for monitoring well development using a bailer include: 
 

• PPE, as required by the HASP); 
• cleaning equipment, as required in Appendix W; 
• PID to measure headspace vapors; 
• bottom-loading bailer, sand bailer; 
• polypropylene rope; 
• plastic sheeting; 
• graduated pails; 
• appropriate containers; and 
• monitoring well keys. 

 
C. Development Procedures 
 
The procedures for monitoring well development using a pump are described below: 
 
Step 1 - Don appropriate PPE, as required by the HASP. 
 
Step 2 - Place plastic sheeting around the well. 
 
Step 3 - All equipment entering each monitoring well will be cleaned as specified in Appendix W. 
 
Step 4 - Open the well cover while standing upwind of the well. Remove well cap. Insert PID probe 

approximately 4 to 6 inches into the casing or the well headspace and cover with gloved hand.  Record 
the PID reading in the field log.  If the well headspace reading is less than 5 PID units, proceed; if the 
headspace reading is greater than 5 PID units, screen the air within the breathing zone.  If the PID 
reading in the breathing zone is below 5 PID units, proceed.  If the PID reading is above 5 PID units, 
move upwind from well for five minutes to allow the volatiles to dissipate.  Repeat the breathing zone 
test.  If the reading is still above 5 PID units, don appropriate respiratory protection in accordance with 
the requirements of the HASP.  Record all PID readings.  For wells which are part of the regular 
weekly monitoring program and prior PID measurements have not resulted in a breathing zone reading 
above 5 PID units, PID measurements will be taken monthly. 

 
Step 5 - A surge block will be lowered into the screened portion of the well on a rigid pipe or high density 

tubing and cycled up and down to force water in and out of the screen slots and formation.  After 
surging the well, formation water will be removed by pumping or bailing.  Surging and bailing will be 
performed for a period of 30 to 60 minutes. 

 
Step 6 - If well runs dry, shut off pump and allow well to recover. 
 
Step 7 - Contain all water in appropriate containers. 
 
Step 8 - Continue to remove groundwater until the well is relatively sediment free and turbidity has been 

reduced to below 50 NTU.  If turbidity does not decrease with additional pumping, measure 
temperature, pH, specific conductivity, and turbidity at approximate 5-10 minute intervals.  Other field 
parameters may also be measured, as appropriate. Record all information on a Well Development Field 
Log (Attachment S-4).  Development may be terminated once the specific conductance and 
temperature values remain within 3%, and pH remains within 0.1 units for three consecutive readings 
collected at approximate five minute intervals. 
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Step 9 - When complete, secure the lid back on the well. 
 
Step 10 - Place plastic sheeting and tubing in plastic bags for appropriate disposal and clean pump as 

specified in Appendix W. 
 
The procedure for developing a well using the bailer method is outlined below: 
 
Step 1 - Don appropriate PPE, as required by the HASP. 
 
Step 2 - Place plastic sheeting around the well. 
 
Step 3 - Bailers and new rope will be cleaned as specified in Appendix W. 
 
Step 4 - Open the well cover while standing upwind of the well.  Remove well cap and place on the plastic 

sheeting. Insert PID probe approximately 4 to 6 inches into the casing or the well headspace and cover 
with gloved hand.  Record the PID reading in the field log.  If the well headspace reading is less than 
5 PID units, proceed; if the headspace reading is greater than 5 PID units, screen the air within the 
breathing zone. If the breathing zone reading is less than 5 PID units, proceed.  If the PID reading in 
the breathing zone is above 5 PID units, move upwind from well for 5 minutes to allow the volatiles 
to dissipate. Repeat the breathing zone test. If the reading is still above 5 PID units, don appropriate 
respiratory protection in accordance with the requirements of the health and safety plan.  Record all 
PID readings.  For wells which are part of the regular weekly monitoring program and prior PID 
measurements have not resulted in a breathing zone reading above 5 PID units, PID measurements 
will be taken monthly. 

 
Step 5 - Determine depth of well through examination of drilling log data and  measure a length of rope at 

least 10 feet greater than the total depth of the well. 
 
Step 6 - Secure one end of the rope to the well casing, secure the other end of the rope to the bailer.  Test the 

knots and make sure the rope will not loosen.  Check bailers to be sure all parts are intact and will not 
be lost in the well. 

 
Step 7 - Lower bailer into well until bailer reaches the bottom of the well. 
 
Step 8 - Surge/purge by raising and lowering the bailer at 2-foot intervals at least 10 times. 
 
Step 9 - Contain all water in appropriate containers. 
 
Step 10 - Lower bailer back into the well and repeat surging/purging at an interval 2 feet above the previous 

interval. 
 
Step 11 - Repeat Step 8 and Step 9 until entire screen has been surged/purged and the purge water is relatively 

clear of silt and turbidity has been reduced to below 50 NTU.  If turbidity does not decrease with 
additional bailing, measure temperature, pH, specific conductivity, and turbidity after removal of each 
quantity of groundwater equivalent to one well volume.  Other field parameters may also be measured, 
as appropriate. Record all information on a Well Development Field Log (Attachment S-4).  
Development may be terminated once the specific conductance and temperature values remain within 
3%, and pH remains within 0.1 units for three consecutive readings collected at the interval specified 
above. 
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Step 12 - Upon completion of surging of the well, remove bailer and remove the rope from the bailer and the 
well. 

 
Step 13 - Secure lid on well. 
 
Step 14 - Place plastic sheeting and polypropylene rope in plastic bags for appropriate disposal and clean bailer 

as specified in Appendix W. 
 
IX. Disposal Methods 
 
Materials generated during monitoring well installation and development will be placed in appropriate 
containers.   
 



 
 

 
 

 
 

Attachment S-1  
Stick-Up Monitoring Well Detail





 
 

 
 

 
 

Attachment S-2  
Flush-Mount Monitoring Well Detail





 
 

 
 

 
 

Attachment S-3  
Direct-Push Drilling Method  

Vendor Specifications





 
 

 
 

 
 

Attachment S-4  
Well Development Field Log 
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General Electric Company – Pittsfield, Massachusetts   
Site  GMA 

  WELL DEVELOPMENT FIELD LOG  
 

BBL Personnel:   Well ID:   

Oversight Personnel:   Date:   

Client / Job Number:   PID (ppm)   

Weather:   Time In: Time Out:  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  Temperature, pH, and conductivity data will be collected if well development does not result in turbidities below 50 NTU.  Optional parameters 
(i.e., ORP and DO) may also be collected. 
 
Observations/Method Deviations 

 
 
 
 
 

 Well Information     

Height of Reference Point (TIC): (feet AGS)   

Listed Total Depth of Well: (feet BGS)   

Listed Screen Interval: (feet BGS)   

Depth to Water (initial): (TIC) (feet)  Time:  

Depth to Water (with equipment): (TIC) (feet)  Time:  

Depth to Water (final): (TIC) (feet)  Time:  
Total Depth (initial): (TIC) (feet)    
Total Depth (final): (TIC) (feet)    
Depth to NAPL: (TIC)                      
(DNAPL or LNAPL) (feet)    
Length of Water Column: (feet)    
Volume of Water in Well: (gal)    

Equipment    

Probe Type: Water Level Interface 

Purging Method: Waterra Pump r  

Other_______ r 
 

Tubing Type: Polyethylene r Teflon lined  r 
Well Diameter: 1”   r 2”   r Other:  

 
 

Purging Information     
Pump Start time:   Pump End time:  

Duration of Pumping: (min)
    

Average Pumping Rate: (ml/min)  Water-Quality Meter Type:  
Total Volume Removed: (gal)  Did well go dry: Yes

 
r No r

 

Conversion Factors 
1” ID 2” ID 4” ID 6” ID gal / ft. 

of water  0.041 0.163 0.653 1.469 

1 gal = 3.785 L =3875 ml = 0.1337 cubic feet 

Time Elapsed 
1 2 3 4 5 6 7 8 9 

Volume Purged (liters)          
Rate (L/min)          
Depth to Water (ft.)          
Color          
Turbidity (NTU)          
Temp ©          
pH          
Conductivity (mS/cm)          
ORP (mV)          
DO (%)          
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Appendix T 
 
Magnetometer Survey Procedures 
 
I.  Introduction   
 
A magnetometer survey is typically performed to detect the presence of buried ferrous metal objects.  The 
magnetometer operates on the principle of measuring the earth’s magnetic field and deviations in this field 
caused by the presence of ferrous metal objects.  The intensity and variation caused by such objects are related 
to the depth and mass of the buried object and, to a lesser degree, the orientation of the object. Magnetometer 
surveys can be performed using either a single sensor or dual sensors (gradiometer) depending on the objectives 
of the survey and the size of the subsurface features to be delineated.  
 
The following methodologies will be utilized to perform magnetometer surveys. 
 
II.  Materials 
 
The following equipment and materials will be available, as required, during magnetometer surveys. 
 

• Health and safety equipment (as required in the Health and Safety Plan); 
• Appropriate forms/field notebook; and 
• Geometrics G-858 portable cesium magnetometer or gradiometer, or the equivalent 
• Trimble AG-132 Global Positioning System (GPS) or equivalent, (optional equipment for the 

magnetometer); 
• Measuring tapes (100- to 300-foot lengths, as needed);and 
• Survey stakes, marking paint, traffic cones, or other visual marker aids. 

 
III. Procedures 
 
Step 1 – Identify the traverse location on the appropriate form (Attachment T-1) and on the field notebook along 
with other appropriate information. 
 
Step 2 – Don personal protective equipment (as required by the Health and Safety Plan). 
 
Step 3 – Establish grid system by standard surveying techniques to document the location of each grid point.  
The grid spacing will be sufficient to detail the site(s) location, boundaries, and survey targets. 
 
Step 4 – Establish a base-station location in an area free of interferences to collect background data to determine 
the daily fluctuations (diurnal) in the earth’s magnetic field during the field survey.  Base station measurements 
can be collected every 30 minutes (on average) using the same Geonics G-856 magnetometer, or using a 
separated magnetometer set up to collect data at selected intervals. 
 
Step 5 - Calibrate (adjust) the magnetometer, if necessary, before beginning survey activities to account for the 
earth’s magnetic field in the project area. 
 
Step 6 – Utilizing a Geometrics G-858 magnetometer or the equivalent, conduct the survey.  Operate the 
magnetometer in accordance with the operating manual.  
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Step 7 – At each point of the grid system, record the time, station location, and magnetometer readings on a 
standard form (Attachment T-1), or in the magnetometer's digital memory. Note locations containing metal 
debris, equipment, above ground structures, and utilities in the field book. 
 
Step 8 – The data from the magnetometer surveys will be corrected for diurnal variation using the base station 
measurements before contouring and evaluating the data. Download and correct the magnetometer data using 
the software supplied with the instrument, Geometrics MagMap 2000, or equivalent. 
 
Step 9 – Using the corrected magnetometer data, plot the data set utilizing appropriate contouring software (e.g., 
Golden Software, Inc. – Surfer, or equivalent). 
 
 



 
 

 
 

 
 

Attachment T-1  
Magnetometer Survey Form 
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MAGNETOMETER SURVEY 

CREW____________________     WEATHER_______________    NOTES______________ 
           ____________________                                                                ______________________ 
                                                                                                                         ______________________ 
 

DATE/TIME 
 

STATION 
 

READING 
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Appendix U 

Seismic Refraction Survey Procedures 
 
I. Introduction   
 
The following methodologies will be utilized to perform seismic refraction  surveys. 
 
II. Materials 
 
The following equipment and materials will be available, as required, during seismic refraction surveys. 
 

• Health and safety equipment (as required in the Health and Safety Plan); 
• Appropriate forms/field notebook; 
• Geometrics Nimbus Model ES-1210F multi-channel signal enhancement seismograph, or equivalent; 
• Geophones and connecting cables; and 
• Seismic source (sledge hammer, explosives, or other device). 

 
III. Procedures 
 

Step 1  - Identify the traverse location in the field notebook along with other appropriate information. 
 

Step 2  - Don personal protective equipment (as required by the Health and Safety Plan). 
 

Step 3  - Lay out seismic refraction lines along the ground surface between previously-surveyed grid points, 
between test borings and/or monitoring wells, or in areas determined by the geologist. 

 
Step 4  - During cable layout, flag the shot points and label with location, line number, and forward/reverse.  

These flagged seismic lines will later be surveyed by standard techniques to document the location of 
the seismic line and the elevations of the shot points.  If the terrain along the line has substantial relief, 
additional elevations will be acquired along the seismic line at selected geophone positions. 

 
Step 5  - The exact spacing of the geophones will be determined by the geologist on-site after trial lines are 

completed.  Select the spacing to define the best configuration to provide the most data on overburden 
and bedrock velocities. 

 
Step 6  - Utilizing a EG&G Geometrics Nimbus ES-1210F multi-channel signal enhancement seismograph, or 

equivalent, perform the survey. Operate the instrument in accordance with guidelines outlined in the 
operating manual. 

 
Step 7  - At a minimum, perform forward and reverse shots at each end of each seismic line and at least one 

midpoint shot.  These shots will be  offset between the geophones at the end of the cable.  
Supplementary shots along the length of the line, or outside the line endpoints may be made if 
considered necessary by the geologist. 

 



Seismic Refraction Survey 
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Step 8  - Given the depth to bedrock, explosives may be utilized for the shot.  In this case, a licensed expert must 
be used.  Energy can also be generated on the surface with a weight dropped on a steel plate attached to 
a sensor.  Drop the weight until a sufficient record is achieved by signal enhancement.  The geologist 
will determine which method is suitable. 

 
Step 9  - Perform data analysis using commercially available software, or manually using the crossover-distance 

method. 
 

Step 10 - Interpret distance and arrival times from each record and plot graphically for each seismic line.  
Interpret the data by manual manipulation of the data or a computer model using both intercept time and 
critical distance techniques. 
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Appendix V 
 
Ground Penetrating Radar (GPR) Procedures 
 
I.  Introduction  
 
GPR equipment transmits high frequency electromagnetic waves into the ground and detects energy reflected 
back to the surface.  Energy is reflected along subsurface interfaces that possess different electrical properties.  
Reflections typically occur at lithologic contacts or when the electromagnetic waves encounter subsurface 
materials having high electrical contrasts, including metal objects such as underground storage tanks (USTs), 
drums, and utility pipes.  These reflections are detected by the antenna and processed into an electrical signal, 
which can then be used to image the subsurface feature. 
 
The following methodologies will be used to perform GPR surveys. 
 
II.  Materials  
 
The following equipment will be available, as required, during GPR surveys. 
 

• Health and safety equipment (as required in the Health and Safety Plan); 
• Appropriate forms or field notebook; 
• Geophysical Survey System, Inc. (GSSI) Subsurface Interfacing Radar (SIR) System-2000 radar or 

equivalent; 
• One antenna of an appropriate frequency (typically 100 to 500 megahertz) to achieve the survey depth 

needed, and delineate the subsurface features of interest; 
• Trimble AG-132 GPS, or equivalent (optional with GPR system) 
• Non-conductive measuring tape; and 
• Connecting cables, survey wheel, and 12-volt power source. 

 
III.  Procedures 
 
Step 1 – Identify the traverse location(s) in the field notebook or on a site plan map. 
 
Step 2 – Don personal protective equipment (as required by the Health and Safety Plan). 
 
Step 3 – Establish a temporary control grid over the designated survey area(s) using conventional surveying 
methods and/or referenced to the site plan using a baseline established from site features.  Layout the measuring 
tape along the desired traverse, or mark a reference grid on the ground using the measuring tape. 
 
Step 4 - Initial calibration of the GPR system and antenna will be performed using subsurface soil boring 
information, if available, and observed response of the GPR’s analog signal.  Calibration of the system will be 
completed using the GSSI system setting, and adjusting the range and dielectric constant parameters to the 
approximate subsurface conditions at the site. If available, calibrate the depth (using the dielectric constant) of 
the GPR over a buried pipe (or other object) of known depth.  Re-calibrate the equipment if the antenna or 
system settings are changed. 
 
Step 5 – Connect the GPR control unit and antenna with appropriate cables, and adjust the instrument gains, if 
needed, to obtain a satisfactory record throughout the desired survey depth range. 
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Step 6 – Use the survey control grid to determine the GPR survey line location and sequence for collecting the 
GPR data. Optionally, use a differential GPS system connected to the GPR system to locate the data collected 
along each survey line.  
 
Step 7 – Record GPR data while slowly pulling the antenna(s) along the survey traverse(s).  Annotate the record 
using the antenna's marker switch, at even distance increments (10 feet, or as needed). 
 
Step 8 – Make note of any variable surface condition (e.g., terrain changes, surface cover materials, standing 
water) that could affect data interpretation.  Also note any surface expressions of potential buried utilities or 
structures. 
 
Step 9 – Conduct data analysis in accordance with the manufacturer's recommendations using RADAN for 
Windows software, or equivalent and industry practice. 
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Appendix W 
 
Equipment Cleaning 
 
I. Introduction 
 
The equipment cleaning procedures described herein include pre-field, in the field, and post-field cleaning of 
sampling equipment which will be conducted in the field, or at GE’s Building 12Y Equipment Decontamination 
Area (EDA), as appropriate.  Sampling equipment consists of soil sampling equipment, well construction 
materials, groundwater, sediment, and surface water collection devices, water testing instruments, down-hole 
geophysical instruments, and other activity specific sampling equipment.  Non-disposable equipment will be 
cleaned after completing each sampling event, between sampling events, and prior to leaving the site.  Cleaning 
procedures  of sampling equipment will be monitored through collection of field blank samples as specified in 
the applicable work plan. 
 
II. Equipment and Materials 
 
A designated area will be established to conduct cleaning of sampling equipment in the field prior to and 
between sample collection.  Equipment cleaning areas will be set up within or adjacent to the specific work area.  
Equipment to be cleaned in the field may include split-spoons, bailers, well pumps, spatulas, etc. 
 
A.  Field Cleaning Materials 
 
The following materials, as required, will be available during field cleaning procedures: 
 

• health and safety equipment, as required in the Health and Safety Plan (HASP); 
• distilled/deionized water; 
• non-phosphate soap; 
• tap water; 
• appropriate cleaning solvent (e.g., hexane, acetone); 
• nitric acid; 
• rinse collection plastic containers; 
• plastic overpack drum 
• brushes; 
• plastic sheeting; 
• large heavy-duty garbage bags; 
• spray bottles; 
• resealable-type bags; 
• handiwipes; and 
• field notebook. 

 
B.  Cleaning of Sampling Equivalent when Analyzing for Organic Constituents 
 
Step 1 - Non-phosphate detergent and water wash to removal all visible particulate matter and any residual oils 

or grease. 
 
Step 2 - Tap water rinse to remove the detergent solution. 
 
Step 3 - Solvent rinse with hexane (unless volatiles are being sampled, in which case methanol should be used). 
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Step 4 - Distilled/deionized water rinse. 
 
Step 5 - Repeat solvent and water rinse two more times (i.e., triple rinse) and allow to air dry. 
 
C.  Cleaning of Sampling Equipment when Analyzing for Inorganic Constituents 
 
Step1 - Non-phosphate detergent and water wash to removal all visible particulate matter and any residual oils 

or grease. 
 
Step 2 - Tap water rinse to remove the detergent solution. 
 
Step 3 - Nitric acid rinse. 
 
Step 4 - Non-phosphate detergent and water wash to removal all visible particulate matter and any residual oils 

or grease. 
 
D.  Decontamination of Submersible Pumps 
 
Submersible pumps may be used to evacuate stagnant groundwater in the well casing.  The pumps will be 
cleaned and flushed between uses.  This cleaning process will consist of an external detergent wash and tap 
water rinse, followed by a flush of potable water through the pump.  This flushing will be accomplished by the 
use of an appropriate container filled with potable water.  The pump will run long enough to effectively flush the 
pump housing and hose.  Caution should be exercised to avoid contact with the pump casing and water in the 
container while the pump is running (do not use metal drums or garbage cans) to avoid electric shock.  
Disconnect the pump from power source before handling.  The pump and hose should be placed on clean 
polyethylene sheeting to avoid contact with the ground surface. 
 
E.  Disposal Methods 
 
Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its on-going disposal 
practices. 
 
III. Soil Boring Installation 
 
A. Decontamination of Heavy Equipment 
 
Drilling rigs and other larger equipment utilized during sampling episodes may be cleaned at GE’s Building 12Y 
EDA.  Items such as drill rigs, well casing, and auger flights all present potential sources of contamination to 
environmental samples.  Heavy equipment may potentially retain contaminants from other sources, such as 
roadways or storage areas, or have soil material from previous job sites that have not been removed. 
  
If heavy equipment brought on site is suspected to contain contaminants from a prior job, it will be thoroughly 
cleaned according to the procedures described in Section IV.  It will also be cleaned between drilling locations.  
Those areas that are in close proximity to materials being sampled, such as auger flights, drill rods, and drill bits, 
will be targeted for cleaning. 
 
 
 



VO 

BLASLAND, BOUCK & LEE, INC.  
4/21/05 engineers, scientists, economists W-3 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxW.doc  

Equipment Cleaning
Revision #: 00 

Date:  September 13, 2000

IV. Subsurface Soil Sampling Procedures 
 
This procedure applies to heavy equipment, such as drill rigs, well casings, auger flights, etc., that are cleaned in 
the Building 12Y EDA. 
 
A. Safety Precautions 
 
Before a piece of equipment can be cleaned, it must be disconnected and disabled in accordance with standard 
Energy Control and Power Lock-Out Procedures.  All energy sources including stored energy must be removed 
prior to cleaning. 
 
Do not attempt to clean equipment that is in service or still connected to power. 
 
Protective clothing, in addition to that specified by general plant safety procedures (i.e., safety glasses, safety-
toe shoes) is required during cleaning.  The cleaning contractor shall have a written HASP appropriate for the 
expected operations including measurements for determining the need for more stringent levels of protection.  
The minimum allowable protective clothing shall include: 
 

• plastic face shields; 
• disposable Tyvek coveralls (Dupont/Saranex 23-P or equal); 
• impervious rubber boots (neoprene, viton, or equal); and 
• impervious gloves (neoprene, viton, or equal). 

 
Additional protective equipment may be required for some tasks.  These contingencies should be included in the 
HASP. 
 
B. Required Equipment 
 
The following equipment will be required for use during cleaning procedures: 
 
• shop vacuum; 
• lint-free absorbent towels; 
• 6-mil polyethylene sheeting; 
• assorted scrub brushes; 
• waste disposal drums; 
• cleaning fluids such as Knights Super Kleen, Simple Green, Aquanex MC, Zep Formula 50, Zep Big 

Orange, or equal; 
• aluminum duct tape; and 
• oil/water absorbent Speedi-Dry compounds. 
 
C. Set Up 
 
Step 1 - Put on protective clothing. 
 
Step 2 - Provide proper signs and barricades for the cleaning area to control access. 
 
Step 3 - Place the item to be cleaned on a cart inside one of the EDA washing chambers. 
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D. Cleaning Procedures 
 
Step 1 - Pre-clean the entire piece of equipment to remove all loose dust, dirt, scale, etc. using a shop vacuum 

designed for solid material, supplemented by scraping, chipping, and spot cleaning with solvent or 
detergent to remove encrusted materials. 

 
Step 2 - Apply the cleaning solution to each surface of the item via a mist, aerosol spray, or cloth soaked in the 

cleaning solution.  Control the application so that little or none of the cleaning solution puddles or runs 
down to the floor.  Make sure that all surfaces are wetted.  Use scrubbing brushes, if necessary, to 
loosen any visible dirt, stains, grease, etc. and then wipe down all surfaces with clean absorbent towels 
to clean and dry.  For larger items it may be appropriate to clean the equipment in sections. 

 
Step 3 - Rinse the equipment with water in the EDA high pressure (1,500 psi) washing chamber.  Water is 

treated and re-used. 
 
Step 4 - Repeat Steps 2 and 3.  The item should be clean and dry.  The equipment is ready to be re-used on site.  

However, if the equipment is leaving the site to be used elsewhere, it must be wipe tested to 
demonstrate that it meets the re-use conditions of the GE PCB Cleaning Protocol. 

 
Step 5 - Completely cover the equipment with polyethylene sheeting and secure the sheeting. 
 
Step 6 - Use the shop vacuum to remove all loose material from the plastic sheeting on the floor. 
 
Step 7 - Update the equipment tag and log. 
 
Step 8 - Before leaving the area where a piece of equipment has been cleaned, a final check should be 

conducted to make sure all discarded materials including paper towels, plastic sheeting, disposable 
gloves, etc., have been picked up and placed in a properly labeled drum. 

 
Step 9 - As employees leave the cleaning area, boots and gloves must be left behind.  At the end of the day all 

PPE must be cleaned and stored on-site.  No contaminated clothing or equipment will be permitted to 
leave the site. 

 
E. Handling and Disposal of Waste Materials 
 
All liquid and solid materials, including spent detergents, rinse waters, disposable clothing, residues from 
scraping and vacuuming, paper towels, plastic and any other wastes generated during cleaning procedures, are to 
be collected and stored in DOT-approved drums.  All drums shall be properly marked, labeled, stored, and 
disposed in accordance with existing site waste management procedures. 



 
 

 
 

Appendix X 
 

Building Material Sampling Procedures



 Building Material Sampling
Revision #: 01 

Date: January 8, 2002 

Appendix X 
 
Building Material Sampling Procedures 
 
 
X-1 Wood Floor Sampling Procedures 

X-2 Sheetrock Sampling Procedures 

X-3 PCB Wipe Sampling Procedures 

X-4 Oil Reservoir Sampling Procedures 

X-5 Concrete Floor Sampling Procedures 

X-6 Wood Column Sampling Procedures 

X-7 Brick Wall Sampling Procedures 

X-8 Wood Beam and Joist Sampling Procedures 

X-9 Roof Deck Sampling Procedures 
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Appendix X-1 
 
Wood Floor Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
Before locating the exact sample location for drilling, check to make sure there are no electrical, plumbing, or 
any other obstructions beneath the desired sample location. 
  
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bit in accordance with the procedures presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Position paper collection plate with center hole cut out over determined sample location on the floor.   
 
5. Drill 1-inch diameter hole in center of template through floor to the required depth (i.e., single or multiple 

floor layers). 
 
6. Tap drill bit with wood tool to remove remaining wood debris and collect on collection plate. 
 
7. Collect the wood sample debris in sample container by allowing debris to drop through the center hole 

into the sample container. 
 
8. Close the sample container. 
 
9. Repeat procedure at nearby locations until sufficient volume has been obtained to complete the sample 

requirement. 
 
10. Cap and seal the sample container. 
 
11.  Remove and dispose of protective gloves in appropriate container. 
 
12. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-2 
 
Sheetrock Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan (HASP). 
 
Before locating the exact sample location for drilling, check to make sure there are no electrical, plumbing, or 
any other obstructions beneath the desired sample location. 
  
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bit in accordance with the procedures presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Position paper collection plate with center hole cut out over determined sample location on the sheetrock.   
 
5. Drill 1-inch diameter hole in center of template through sheetrock to the required depth (i.e., single or 

multiple floor layers). 
 
6. Tap drill bit with sheetrock tool to remove remaining sheetrock debris and collect on collection plate. 
 
7. Collect the sheetrock sample debris in sample container by allowing debris to drop through the center hole 

into the sample container. 
 
8. Close the sample container. 
 
9. Repeat procedure at nearby locations until sufficient volume has been obtained to complete the sample 

requirement. 
 
10. Cap and seal the sample container. 
 
11.  Remove and dispose of protective gloves in appropriate container. 
 
12. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-3 
 
PCB Wipe Sampling Procedures 
 
Lockout/Tagout: Before a piece of equipment can be sampled, it must be disconnected and disabled in 
accordance with standard Energy Control and Power Lock Out Procedures.  All energy sources, including 
electrical, mechanical, and potential, must be de-energized prior to sampling activities.  
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
3. Place paper template with 10-cm x 10-cm cutout on horizontal surface of equipment. 
 
4. Remove hexane-soaked gauze pad from sample vial.  Using gauze pad, wipe entire cutout area from side to 

opposite side.  Refold gauze pad and wipe in perpendicular direction of first wipe, side to opposite side of 
entire cutout area. 

 
5. Place sample gauze pad back into sample vial. 
 
6. Remove protective gloves while holding template and dispose of used gloves and template in appropriate 

container. 
 
7. Repeat procedure for total number of samples required. 
 
8. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-4 
 
Oil Reservoir Sampling Procedures 
 
Lockout/Tagout: Before a piece of equipment can be sampled, it must be disconnected and disabled in 
accordance with standard Energy Control and Power Lock Out Procedures.  All energy sources, including 
electrical, mechanical, and potential, must be de-energized prior to sampling activities.  
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
3. Obtain an oil sample from one of the following procedures: 
 

a. Place a catch pan below work area to collect possible oil drippings.  Loosen the drain plug on the oil 
reservoir. Do not fully remove.  Apply pressure on the plug to prevent the plug from falling out.  Place 
the sample vial under the plug to catch oil.  Reduce pressure on the plug to allow oil to flow out.  If 
sediment/sludge is noticed, drain until oil clearly flows without the sediment/sludge.  Fill the sample 
vial to top.  Reconnect and tighten the drain plug.  Cap and seal the sample vial.  Wipe and clean any 
excess oil from the sample vial and equipment. 

 
b. Place a disposable pipette in the oil fill neck hole to the bottom of the reservoir.  Place a finger on top 

of the pipette to make an airtight seal.  Make sure there is no sediment/sludge in the bottom of the 
pipette.  Remove the pipette from the reservoir, place in a sample vial, and release the finger to allow 
oil to fill the sample vial.  Repeat procedure to obtain a full vial oil sample.  Cap and seal the sample 
vial.  Wipe clean any excess oil from the sample vial and equipment. 

 
4. Dispose of the pipette, gloves, excess oil, and catch pan in appropriate containers. 
 
5. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-5 
 
Concrete Floor Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bit in accordance with the protocols presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Place paper template with center hole cut out over determined sample location. 
 
5. Using a coring machine bit, drill the full depth of the concrete floor.  Concrete debris should be uplifted 

and deposited on paper template. 
 
6. Place the concrete sample into the sample container. 
 
7. Close, cap, and seal sample container. 
 
8. Remove and dispose of protective gloves in appropriate container. 
 
9. Repeat procedure at nearby locations until sufficient volume has been obtained to complete the sample 

requirement. 
 
10. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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VOCVOC Wood Column Sampling
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Appendix X-6 
 
Wood Column Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
Make sure wood component is sound and in good condition before executing any sampling activities. 
 
Drill bit should be less than 2 inches in diameter. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bit and spatula in accordance with the protocols presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Place clean collection plate below drilling location on both sides of column to catch wood debris sample. 
 
5. Drill hole through entire width of column. 
 
6. Remove and tap drill bit with wood tool to remove remaining wood debris and collect on plate. 
 
7. Using the decontaminated spatula, collect the wood sample debris and deposit in sample container. 
 
8. Close, cap, and seal sample container. 
 
9. Remove and dispose of gloves in appropriate container. 
 
10. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
 
11. Make repairs to column by filling entire volume of hole with Abatron Wood Epoxy, Evclid Eucopoxy 

Vertigel, or equivalent. 
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Appendix X-7 
 
Brick Wall Sampling Procedures 
 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bits and spatula in accordance with the protocols presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Place clean collection plate against wall below drilling location to catch brick debris sample. 
 
5. Using a Hilti hammer drill equipped with a pulverizing bit, drill 3-1/2 inches into brick wall.  Brick debris 

should fall on collection plate.  Remove drill bit and inspect for grouting.  Sample is to be obtained from 
inner wythe (i.e., course) of brick wall only.  Redrill in ¼-inch increments to the depth of the first brick 
course or until grouting is observed. 

 
6.  Remove and tap drill bit to remove remaining brick debris and collect on plate. 
 
7. Using the decontaminated spatula, collect the brick sample debris and deposit in sample container. 
 
8. Close, cap, and seal sample container. 
 
9. Remove and dispose of protective gloves in appropriate container. 
 
10. Repeat procedure for total number of samples required. 
 
11. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-8 
 
Wood Beam and Joist Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
Make sure wood component is sound and in good condition before executing any sampling activities. 
 
Do not drill or cut in middle third of the total length or near the bottom of the beam or joist. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate drill bit and spatula in accordance with the protocols presented in Appendix W. 
 
3. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
4. Place sample location at mid-height of beam and at a distance of approximately 1/6 of total beam length 

from the end. 
 
5. Place clean collection plate below drilling location to catch wood debris sample. 
 
6. Drill 1-inch diameter hole through entire width of beam. 
 
7. Remove and tap drill bit with wood tool to remove remaining wood debris and collect on plate. 
 
8. Using the decontaminated spatula, collect the wood sample debris and deposit in sample container. 
 
9. Close, cap, and seal sample container. 
 
10. Remove and dispose of protective gloves in appropriate container. 
 
11. Repeat procedure for total number of samples required. 
 
12. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix X-9 
 
Roof Deck Sampling Procedures 
 
Proper personal safety equipment shall be worn in accordance with the Site Health and Safety Plan. 
 
Make sure roof component is sound and in good condition before executing any sampling activities. 
 
Coordinate with GE project manager and/or subcontractor to repair roof following execution of sampling 
procedure. 
 
1. Documentation shall be in accordance with Appendix L. 
 
2. Decontaminate saw in accordance with the protocols presented in Appendix W. 
 
3. Use new clean razor blade (on Carpenter’s knife) to cut roof membrane and expose 4-inch by 4-inch area 

of wood decking. 
 
4. Put on clean latex/nitrile protective gloves for each new sample collection. 
 
5. Using saw, cut 4-inch by 4-inch area from roof decking and place in sample container. 
 
6. Close, cap, and seal sample container. 
 
7. Remove and dispose of protective gloves in appropriate container. 
 
8. Repeat procedure for total number of samples required. 
 
9. Complete chain-of-custody forms, prepare shipping containers, and send to laboratory for analysis. 
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Appendix Y 
 
Selection of Drilling Method 
 
I. Introduction 
 
This Appendix provides information to be utilized when selecting a drilling method to install soil borings, 
collect soil samples, collect geotechnical data, and/or install monitoring wells.  These differing objectives, 
combined with the variety of subsurface conditions at different sampling locations, require that judgment be 
made regarding the drilling methodology to be employed.  Drilling may be performed utilizing one or more of 
the following techniques:  hollow-stem auger, direct-push/percussion, driven casing, spun casing, air and mud 
rotary, and rotosonic or sonic drilling.  The appropriate sampling method will be identified prior to the onset of 
sampling, but may be modified in the field depending on the conditions encountered. 
 
II.  Selection of Drilling Method 
 
The specific goal of the drilling program, known subsurface conditions, site accessibility/space restrictions, and 
type of terrain should be considered prior to selection of the drilling method to be utilized.  In addition, cost, 
installation time, and the ability to recover undisturbed and reliable samples should also be considered.  In 
certain situations, multiple drilling methods may be necessary.  The following drilling methods may be utilized 
for a variety of situations: 
 
• Hollow-Stem Auger - The hollow-stem auger method is frequently used to install monitoring wells in 

unconsolidated materials/soils.  The augers rotate as they drill into the ground, evacuating soil along a 
continuous flight outside of the augers.  The system (powered mechanically or hydraulically) uses a cutting 
head attached to the lead auger to penetrate soils.  An auger plug or interior bit may be inserted into the lead 
auger during advancement to stop any cuttings from coming up into the stem.  Samples are collected by 
driving a split-spoon or pushing a Shelby tube (for clay soils) in front of the auger advancement to obtain 
undisturbed samples. 

 
Advantages to this form of drilling include ease of mobilization, relatively fast operation, and monitoring 
wells (screen and riser) can be installed prior to the removal of the augers, ensuring a good sand pack and 
bentonite seal, and reducing the possibility of cave-in.  In addition, hollow-stem augering does not require 
that drilling fluids or lubricants be introduced into the subsurface.  Disadvantages include difficulty drilling 
in dense soils or cobbles and the generation of a high volume of waste cuttings.  In addition, flowing or 
water-bearing sands may pose a problem to auger drilling, as these conditions have a tendency to push the 
saturated sands into the auger stem due to head pressure, which can inhibit soil sampling and may lock up 
the augers.  Overall, the hollow-stem auger is the most commonly used form of drilling for environmental 
investigations, particularly for geotechnical purposes, due to the ability to obtain blow counts during split-
spoon sampling. 
 

• Direct-Push - Direct-push drilling involves the advancement of a hollow barrel containing a PVC tubular 
liner using hydraulics and a hammering mechanism (typically by Geoprobe® or Powerprobe® drill rigs, 
although sampling can also be performed manually or through the use of a jackhammer) for the collection of 
soil samples.  Direct-push methods may vary slightly depending on the drill rig manufacturer.  The hollow 
barrels or samples are typically 4 feet in length and 1 to 2 inches in diameter, and are advanced and retracted 
for sample analysis/observation.  The disposable PVC liners are removed from the samplers and split to 
obtain the soil sample.  The liners are attached to the inside of the lead barrel by a cutting shoe and are 
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driven continually deeper into the ground using extension rods.  Direct-push probing units can also be 
utilized to collect discrete groundwater samples using a stainless steel screen contained in the outer barrel.  
The sampler is advanced to the desired depth using an expendable drive point, upon which time the outer 
sheath is retracted, exposing the screen.  Water entering the screen is then sampled using a peristaltic pump, 
positive displacement tubing with foot valve, or bailer.  Shallow, small diameter piezometers/monitoring 
wells can also be installed by most direct-push drill rigs. 

 
The primary advantages of direct-push drilling include rapid sampling to shallow and minimal amounts of 
waste soil generation. Decreased possibility of cross-contamination due to disposable/one-time-use 
sampling equipment and reduced contamination time also make this form of drilling desirable.  The 
disadvantages to direct-push drilling include the inability to penetrate dense or gravelly material, inability to 
obtain geotechnical information via blow counts, and the potential introduction of cave-in into the borehole 
while retracting the sampler. Due to the small diameter of the borehole, standard size monitoring wells 
cannot be installed in direct-push borings. 
 

• Spun Casing - In this technique, a straight casing is advanced by rapid rotation and hydraulic down-force 
pressure. The lead casing is equipped with a spin shoe/cutter head, enabling it to cut/tear through the 
unconsolidated soils.  Water is typically introduced into the casing stem during advancement to cool the bit 
and clean out the cuttings from the borehole. For sampling purposes, a split-spoon sampler or Shelby tube is 
advanced through and in front of the casing in order to obtain undisturbed samples.  Similar to hollow-stem 
augers, spun casing allows the placement of a monitoring well prior to removal from the ground, ensuring 
the integrity of the borehole and allowing for a good sand pack and seal.  The advantage of spinning casing 
as compared to augering is the ability to penetrate through more dense and cobbly soil without sacrificing 
borehole integrity.  Wells installed through spun casing tend to develop more readily than those installed 
with augers since the borehole is installed with a straight casing, minimizing disturbance to the remaining 
soils and the majority of soil cuttings are flushed to the surface inside the casing rather than along the soil 
wall outside the augers.  The main disadvantage of using casing over augers is the addition of water or mud 
to the boring for cooling and evacuation purposes.  In addition to increased generation of waste materials, 
the use of water may inhibit identification of the water table within soil samples, as well as limit the use of 
the collected samples for chemical characterization. 

 
• Driven Casing (Drive and Wash) - This method is very similar to spun casing except that the casing is 

advanced by driving the casing either mechanically (typically using a 300-pound hammer) or hydraulic 
hammering, as opposed to spinning.  Instead of a cutting head, the lead casing is equipped with a sharper 
drive shoe.  Because no rotary motion or drilling fluid is applied during casing advancement, soil enters the 
hollow-stem and is removed through the use of a roller bit and the injection of water into the casing until the 
soil is cleaned out.  Undisturbed split-spoons or Shelby tube samples are collected through and in front of 
the casing string.  This method of drilling enables the collection of blow count data for split-spoon sampling 
and also during advancement of the outer casing, for use in additional geotechnical applications. 

 
The advantage of driven casing, as compared to augering, is the ability to install and retrieve the casing 
through flowing sands.  Wells installed through driven casing, like those in spun casing, tend to develop 
more readily than those installed with augers. Disadvantages include decreased production rates, particularly 
in cobbly material, as well as issues related to the introduction of water into the borehole and subsequent 
waste handling. 

 
• Mud Rotary - In this method of drilling, boreholes are advanced by rotating a drill pipe by means of a 

hydraulic powered top head drive, with a bit attached to the bottom of the pipe.  The bit cuts and breaks up 
the material as it penetrates the formations.  Drilling fluid or mud is pumped through the rotating drill pipe 
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and through holes in the bit.  This fluid swirls in the bottom of the hole, picking up material broken by the 
bit, then flows upward in the space outside the drill pipe, carrying the cuttings to the surface and clearing the 
hole.  The drill pipe and bit move downward deepening the hole as the operation proceeds.  At the surface, 
drilling mud flows into a tank and the cuttings settle to the bottom.  From the settling chamber of the tank, 
fluid overflows into another chamber from which it is picked up by the suction hose of the mud pump and 
recirculated through the drill pipe.  In the rotary drilling method, the casing pipe is not introduced until after 
the drilling operations are completed.  The walls of the hole are held in place by the pressure of the drilling 
mud against the sides of the borehole. Split-spoon soil samples may be collected for stratigraphic 
characterization and geotechnical purposes, but the presence of the drilling mud may preclude the 
acquisition of useful samples for chemical characterization. 

 
Advantages of this form of drilling include the ability to advance through dense unconsolidated or cobbly 
soils, running sands, and bedrock at great depths.  A common use of mud rotary drilling is in the installation 
of cased borings or double-cased monitoring wells.  Mud rotary drilling may be utilized to drill through 
difficult terrain and to set an upper casing.  The casing is then cleaned out and drilling proceeds using a 
different drilling method, as necessary.  Disadvantages primarily involve the employment of the drilling 
mud, which must be properly disposed of and may increase the possibility of cross-contamination between 
different soil layers, as well as have an impact on well development.  Sufficient space is required to place a 
mud pit or recirculation tub to utilize this drilling method. 

 
• Air Rotary - This method is basically the same as mud rotary except that the mud pump is replaced by an air 

compressor.  The air line is connected to a swivel hose at the top of the head drive.  Compressed air is 
forced down through the drilling pipe and out through the holes at the bottom of the rotary drill bit.  A small 
stream of water is often introduced into the air system to help cool the drill bit and control dust.  The air 
serves to cool the drill bit and force cuttings up out of the hole, where they are collected through a cyclone 
at the top of the hole.  Advantages of air rotary over mud include the reduced chance of cross-contamination 
between soil layers and the reduced amount of waste water generated.  However, unlike mud rotary drilling, 
once the air pressure is turned off, loose formations may cave in against the drill pipe.  Therefore, this 
method is not as useful for installing casings in certain formations. 

 
• Sonic Drilling - Sonic drilling (also referred to as vibratory or rotosonic drilling) uses a combination of 

mechanically-generated vibrations and rotation (typically slow) to penetrate the subsurface material.  The 
drill head consists of two counter-rotating, out of balance rollers (oscillator) that cause the drill pipe to 
vibrate.  Resonance occurs when the frequency of the vibrations equals to the natural frequency of the drill 
pipe.  The resonance and weight of the drill pipe, along with the down force of the drill head, permit 
penetration of the formation without the additional of drilling mud or lubricating fluids.  A dual string 
assembly allows advancement of an inner casing used to collect core samples while an outer casing 
maintains borehole integrity.  Small amounts of air and water can be used to remove the material between 
the inner and outer casing.  Advantages to this form of drilling include its extremely high drilling rates and 
low generation of waste cuttings. The possibility of sand bridging during well installations is also minimized 
due to the vibratory feature of the rig.  Disadvantages to this form of drilling are its high cost, use of drilling 
fluid, and limited availability of this relatively new drilling technology. 

 
• Coring/Rotary Diamond Drilling - This method employs industrial diamonds embedded into a spin shoe 

attached to a core barrel (typically 10 to 26 feet in length).  The barrel is spun down through bedrock while 
water is being added to cool the cutting surface.  The bit advances through rock with a solid core remaining 
inside the tube or core barrel.  The bedrock cores are retrieved and inspected in approximate 5-foot lengths.  
This method is limited to sampling bedrock. 
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Appendix Z 
 
Monitoring Well Inventory Procedures 
 
I. Introduction 
 
This appendix specifies the procedures for performing inventories of existing monitoring wells.  Monitoring 
well inventories are periodically conducted to assess the integrity of existing monitoring wells and to identify 
the need for repairs, replacement of parts, or replacement of wells that are determined to no longer be usable.  A 
well inventory involves an inspection of the overall condition of the well, comparison of measurable quantities 
(e.g., riser stickup relative to grade and total depth), general verification of survey coordinates and elevation, 
and measurement of depth to water in the well. 
 
II.  Equipment and Materials 
 
The following materials will be available, as required, during performance of a monitoring well inventory: 
 

• health and safety equipment, as required by the site Health and Safety Plan (HASP); 
• ruler or tape measure; 
• water level indicator and/or interface probe; 
• cleaning equipment (as required in Appendix W); 
• well construction information; and 
• field notebook. 

 
If feasible, a supply of typical replacement parts (e.g., locks, bolts, and well caps) should be available to enable 
immediate usage as necessary. 
 
III. Procedures  
 
The typical procedure for assessing the integrity of a monitoring well is outlined below. 
 
Step 1 - Prior to mobilizing in the field, obtain a list of monitoring wells to be inventoried and available 

information concerning their location and physical characteristics. 
 
Step 2 - Identify site and well identification number on a Monitoring Well Integrity Assessment Form 

(Attachment Z-1).  Record all observations on this form, supplemented by notes in the field notebook, 
if necessary. 

 
Step 3 - Examine the well for the presence of an identification marker.  If absent, label well with the 

appropriate number. 
 
Step 4 - Examine the surface condition of the well.  Record the type of well (i.e., flush-mount or above-grade 

stickup) and the condition of the well and surface seal.  Confirm the protective casing is not bent, the 
PVC casing is not broken or chipped and there is no evidence of frost heaving.  Measure the above-
grade portion of the well stickup and compare to the known length of the stickup measured during well 
installation.  If the difference between the observed stickup length and the known stickup length is 
greater than 0.1 foot, the monitoring well location and elevation should be resurveyed.    
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Step 5 - Unlock and open the well.  Record the type (e.g., PVC or stainless steel), dimensions (i.e., casing 
diameter and stickup relative to grade), condition of the well casing, and type of well cap.  If well cap 
is missing, replace with available parts or record the type of cap required.   

 
Step 6 - Locate the marked measuring point along the top of the well casing.  If no mark is visible, add a mark 

at the highest point of the casing. 
 
Step 7 - Measure the depth to water and total depth of the well following the procedures specified in Appendix 

Q. For total depth measurements, account for any difference in calibration of the measuring tape on the 
probe (i.e., distance from part of probe which measures depth to water and the physical bottom of the 
probe which will measure total depth of the well).  Record any obstructions encountered and a 
description of the feel of the well bottom (i.e., soft due to sediment or hard).  Check well for the 
presence of non-aqueous phase liquid (NAPL) and record observations on the Monitoring Well 
Integrity Assessment Form (see Section IV below).  If NAPL is observed, the appropriate Project 
Manager should be notified. 

 
Step 8 - Compare all observations concerning the measured dimensions of the well with the listed values.  

Based on these results, as well as other observations concerning the condition of the well, record any 
appropriate recommendations on the Monitoring Well Integrity Assessment Form.  Perform any 
recommended maintenance activities which can be accomplished with available equipment. 

 
Step 9 - Remove all equipment from the well.  If no additional maintenance activities are to be performed, close 

the well and collect all personal protective equipment (PPE) and other wastes generated for disposal 
(See Section V below). 

 
IV. Follow-Up Activities 
 
Depending on the results of the well inventory, several additional activities may be warranted prior to future 
usage of the well.  Typical follow-up activities include replacement of missing parts, removal of sediment from 
the base of the well, re-surveying of the well, or complete replacement if the well is determined to be unusable.  
These activities are briefly discussed below. 
 
As stated above, a supply of locks, bolts, and well caps should be available for immediate usage during 
performance of the well inventories.  However, it is not feasible to maintain a supply of all potential replacement 
parts due to the variety of well types in use.  Therefore, a list of required replacement parts will be compiled 
during the performance of a well inventory event.  At the conclusion of the event, the necessary replacement 
parts for all wells should be obtained and installed. 
 
Sediment accumulation occurs to some degree in all monitoring wells, particularly those which are not pumped 
on a routine basis.  If a sufficient quantity of sediment which may adversely impact future groundwater 
sampling or NAPL monitoring activities is observed during a well inventory (i.e., a sediment accumulation of 
greater than 1 foot above the bottom of the well screen), activities should be taken to remove the sediment.  
These activities will involve the removal of sediment by either pumping or bailing the well, followed by re-
measurement of the total depth of the well to confirm a total depth near the reported values.  The removed 
sediment should be inspected for the presence of filter pack materials which may indicate that the well screen 
has been damaged.  If initial efforts are unsuccessful in clearing the sediment accumulations, the well may need 
to be re-developed (see Appendix S) or replaced. 
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The measuring points marked on the well risers will be utilized as a base datum in the determination of 
groundwater elevations.  The distance of these markers from the ground surface will be verified against listed 
values during well inventory activities.  Minor variations between listed and measured values may be attributed 
to an uneven ground surface around the well or to enhancements to the ground surface, such as paving or 
grading activities that may have been performed since installation of the well.  Therefore, such minor variations 
(i.e., less than 1 inch) will be discounted and existing survey information for the measuring point on the well 
will be assumed to be accurate.  Greater discrepancies may be attributed to damage or modifications to the well, 
such as cutting or lengthening the well riser.  In these situations, the well should be re-surveyed to establish a 
new datum for future groundwater elevation measurements. 
 
Replacement or decommissioning of a well may be warranted if the well is broken, obstructed, or otherwise 
compromised.  If the well cannot be adequately repaired and is required for future monitoring purposes, a 
replacement well should be installed if no suitable alternate wells are located in the vicinity. 
 
V. Disposal Methods 
 
Materials generated during well inventory activities, including disposable equipment, will be disposed of in 
appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing disposal 
practices. 
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MONITORING WELL INTEGRITY ASSESSMENT 
 

Site Name:  ____________________________________ 
Well I.D.:  ____________________________________ 

Date:  ____________________________________ 
(For each item, circle the appropriate response or fill in the blank) 
Well I.D. Clearly Marked:  YES   NO   
Well Completion:     FLUSH MOUNT    ABOVE-GRADE STANDPIPE 
Lockable Cover:       YES   NO   DAMAGED (Describe below) 
Lock Present:        YES   NO   ADDED     Key Brand/Number:  _________________ 
Measuring Point Marked:   YES   NO   ADDED 
Well Riser Diameter (inches):  _____________ 
Well Riser Type:     PVC   Stainless Steel   Other (Describe) ______________________________ 
 
Surface Condition 
Cement Intact:           YES    NO (Describe below) 
Curb Box/Well Cover Present:    YES    NO        DAMAGED (Describe below) 
All Bolts Present:         YES    NO (Describe below) 
 
Well Condition 
Well Cap:    PVC Slip Cap   Pressure-fit Cap    None   
Well Vent:    Slot Cut in Riser  Vent Hole in Cap   None     Not Applicable (Flush Mount Well) 
Reported Well Riser Stickup (feet):    ___________ (use negative number if below grade) 
Measured Well Riser Stickup (feet):    ___________ (use negative number if below grade) 
 
Depth to Water (feet from Top of Well Riser):    _____________  -or- DRY  
Depth to LNAPL (feet from Top of Well Riser):   _____________  -or- NONE 
Depth to DNAPL (feet from Top of Well Riser):   _____________  -or- NONE 
 
Reported Total Depth of Well (feet below grade):    ______________ 
Measured Total Depth of Well (feet below grade):    ______________ 
Well Obstructed:    YES   NO  If yes, list depth in feet from Top of Well Riser:  ____________ 
Well Bottom:    SOFT (contains sediment)   FIRM (no sediment) 
 
Recommendations 
Repair Concret/Surface Completion:      YES   NO   
Re-Survey Well:              YES   NO  If yes, list date performed:  ________________ 
Remove Sediment and Re-Measure Depth:   YES   NO  If yes, list date performed:  ________________ 
Replace Well Cap:              YES   NO  If yes, list date performed:  ________________ 
Replace Bolts:               YES   NO  If yes, list date performed:  ________________ 
Other/Miscellaneous Observations:  _________________________________________________________________ 
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________ 
 

Inspector(s):____________________________________________________ 



 
 

 
 

Appendix AA 
 

Groundwater Sampling Procedures for Using 
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Appendix AA 

 
Groundwater Sampling Procedures Using Passive-Diffusion Bags 

 

I.  Introduction 
 
Groundwater samples will be collected from monitoring wells to evaluate groundwater quality.  The protocol 
presented in this appendix describes the procedures to be used to collect groundwater samples from monitoring 
wells using passive-diffusion bag samplers.  Passive-diffusion sampling of groundwater using a semipermeable 
membrane is a patented technology [U.S. Patent Number 5,804,743 held by Don A. Vroblesky (U.S. Geological 
Survey) and William T. Hyde (General Electric Company)].  Licensing information can be obtained from the 
USGS Technology Enterprise Office at 703-648-4450. 
 
Similar to the procedures for low-flow and traditional groundwater sampling from monitoring wells, no well 
will be sampled until well development has been performed in accordance with the procedures presented in 
Appendix S to the FSP/QAPP, unless that well has been sampled or developed within the prior one year time 
period.  Groundwater samples will not be collected within a one-week time-period following well development. 
 
Passive-diffusion sampling of groundwater using a semipermeable membrane was initially studied and 
described by Vroblesky and Hyde (1997).  The method is based on the principal that volatile organic compounds 
(VOCs) in groundwater migrate via molecular diffusion through a semipermeable membrane such as 
polyethylene until the concentrations on either side of the membrane reach equilibrium.  Analyte-free water 
sealed within a semipermeable passive-diffusion bag serves as the sample medium, which is placed in the open 
interval of the monitoring well and removed after an equilibration period.  Certain types of VOCs (e.g., some 
ketones) do not equilibrate rapidly enough for practical sampling using passive bags.  Passive-diffusion bags 
(PDB) have been successfully benchmarked, however, for many common VOCs including aromatics and 
chlorinated ethenes and ethanes.  Comparative passive-diffusion sampling for other groups of analytes (e.g., 
semivolatile organic compounds, pesticides, polychlorinated biphenols, and inorganics) has not been 
demonstrated. 
 
With the passive-diffusion sampling method, it is assumed that the water inside the open interval of a 
monitoring well represents ambient groundwater quality without any purging.  This assumption is based on the 
fact that the wellbore hydraulic conductivity is higher than that of the surrounding formation in almost all 
geologic settings.  Thus, the open interval of the well is assumed to be constantly flushed with ambient 
groundwater.  Vroblesky and Hyde (1997) presented results comparing passive-diffusion groundwater sampling 
results for VOCs to those obtained using other methods, including submersible pump, bladder pump, and bailer.  
They concluded that the passive-diffusion sampling results were similar to those obtained using the other 
purging and sampling methods. 
 
II.  Materials 
 
Specific to this activity, the following materials shall be available: 
 

• Site plan, well construction records, prior groundwater sampling records (if available); 
• Passive-diffusion bag sampling record (provided as Attachment AA-1) 
• Passive-diffusion bag sampler, constructed as described below; 
• Water level probe; 
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• Downhole temperature, pH, specific conductivity, ORP, and/or turbidity meters (optional); 
• Appropriate water sample containers; 
• Appropriate blanks (trip blank supplied by the laboratory). 

 
III. Procedures 
 
Passive-Diffusion Bag Sampler Construction 
 
Figure AA-1 illustrates a passive-diffusion bag sampler design.  Passive-diffusion bag samplers will be 
constructed in a clean, laboratory or office environment according to the following procedures. 
 

Step 1  - Cut a roll of 3-mil to 4-m polyethylene, flat (2-inch wide) tubing into 18-inch-long sections.  Close 
one end of each cut section using an appropriate heat sealer to create an elongate bag.  Fill the bag 
with approximately 250 milliliters (ml) of laboratory-grade analyte-free water.  Heat-seal the other 
end of the bag with minimal headspace.  

 
Step 2  - Construct a similar, 12-inch-long weight bag filled with washed gravel (standard monitoring well 

sand-pack material) and analyte-free water.  
 

Step 3  - Cut a roll of polyethylene mesh sleeve into 3-foot-long sections.  Place the passive-diffusion sample 
bag and weight bag in a polyethylene mesh sleeve.  Weave nylon pull-ties into the mesh sleeve to 
secure the weight bag and the diffusion bag and close the ends of the mesh sleeve. 

 
Step 4  - Attach a braided nylon rope to the upper nylon pull-tie and the top of the mesh sleeve using a 

stainless steel snap hook.  Determine the depth of the desired monitoring interval from the top of the 
well casing based on well construction data +/- geologic information.  With reference to the center 
of the passive-diffusion bag, measure an appropriate length of nylon rope to place the center of the 
passive-diffusion bag at the appropriate depth below the top of the well casing. Allowing 
approximately 3 to 5 extra feet of rope to extend above the top of the well casing (to secure the rope 
at the top of the well), cut the rope and tie a reference knot corresponding to the top of the well  
casing.  The reference knot facilitates placing the passive-diffusion bag at the proper depth within 
the monitoring well. 

 
Step 5  - Place each passive-diffusion bag sampler in a clean, labeled plastic bag, and transport to the site in a 

cooler containing wet ice to minimize the formation of headspace inside the passive-diffusion bags. 
 
Passive-Diffusion Bag Sampler Installation 
 

Step 6  - Don appropriate personal protective equipment (as required by the Health and Safety Plan). 
 

Step 7  - Place plastic sheeting around the well. 
 

Step 8  - Clean the non-disposable, down-hole monitoring equipment (e.g., water-level probe, field parameter 
meters) according to the procedures in Appendix W to the FSP/QAPP. 

 
  Step 9  - Open the well cover while standing upwind of the well.  Remove well cap and place it on the 

plastic sheeting. Insert PID probe approximately 4 to 6 inches into the casing or the well 
headspace and cover with gloved hand.  Record the PID reading in the field log.  If the well 
headspace reading is less than 5 PID units, proceed; if the headspace reading is greater than 5 
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PID units, screen the air within the breathing zone. If the breathing zone reading is less than 5 
PID units, proceed.  If the PID reading in the breathing zone is above 5 PID units, move 
upwind from well for five minutes to allow the volatiles to dissipate. Repeat the breathing 
zone test. If the reading is still above 5 PID units, don appropriate respiratory protection in 
accordance with the requirements of the health and safety plan.  Record all photoionization 
detector readings.  For wells which are part of the regular weekly monitoring program and 
prior PID measurements have not resulted in a breathing zone reading above 5 PID units, PID 
measurements will be taken monthly. 

 
Step 10  - Measure the depth to water. 

 
Step 11  - Remove the appropriate passive-diffusion bag sampler from the labeled plastic bag.  Slowly 

lower the passive-diffusion bag sampler into the monitoring well until the bag is properly 
positioned, with the reference knot even with the top of the well casing. 

 
Step 12  - Use the remainder of the rope, above the reference knot, to secure the rope to either the steel 

casing of the well or, for a flush-mounted well, the locking well cap. 
 

Step 13  - Close and lock the well. 
 

Step 14  - Allow an equilibration period of 14 days or more before retrieving the passive-diffusion bag.  
If necessary, the well may be accessed briefly during the equilibration period (e.g., to obtain 
fluid water level measurements), provided that the reference knot remains at the top of the 
well casing throughout the equilibration period. 

 
Passive-Diffusion Bag Sampler Retrieval and Sample Collection  
 

Step 15  - After the equilibration period, unlock and open the monitoring well following Steps 6 
through 10 (above).  Slowly remove the passive-diffusion bag sampler from the monitoring 
well. 

 
Step 16  - Remove the passive-diffusion bag from the mesh sleeve.  Create a small hole in the sample-

filled polyethylene bag using a decontaminated knife.  Pour water from the bag directly into 
appropriate laboratory glassware. 

 
Step 17  - Complete the sample label according to procedures in Appendix L to the FSP/QAPP, and 

cover the label with clear packing tape to secure the label onto the container. 
 

Step 18  - Secure with packing material and store at 4°C in an insulated transport container provided by 
the laboratory. 

 
Step 19  - Record on the field log or bound field book the time sampling procedures were completed, 

any pertinent observations of the sample (e.g., physical appearance, the presence of, or lack 
of, odors, sheens, etc.), and the values of field indicator parameters, if measured.  PDB 
samples can be used to obtain an estimate for groundwater temperature.  Other field 
parameters cannot be obtained using PDBs, but can be measured using an appropriate 
downhole instrument. 
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Step 20  - Place the passive-diffusion bag sampler (minus the used polyethylene bag) in a clean, new, 
dedicated, labeled plastic bag for storage until the next sampling event, secure the monitoring 
well, properly dispose of PPE and disposable equipment (see Section VI). 

 
Step 21  - Complete the procedures for packaging, shipping, and handling with associated chain-of-

custody (FSP/QAPP Appendix L). 
 
IV. Field Quality Control  
 
In addition to the quality control samples to be collected in accordance with Table 4 of the FSP/QAPP, 
the following quality control procedures should be observed in the field: 
 
C Samples should be collected from monitoring wells in order of increasing concentration, to the extent 

known; 
 
C All monitoring instrumentation shall be operated in accordance with manufacturer instructions.  

Instruments should be calibrated at the beginning of each day, and the calibration should be verified 
at the end of each day. 

 
C If passive-diffusion sampling is being benchmarked versus another groundwater sampling method 

(e.g., low-flow or traditional purge using a pump or bailer), the other sampling method should be 
performed on the same day that the passive-diffusion bag is retrieved and sampled at a given well. 
This protocol will provide the best practicable comparison between the results of the different 
sampling methods. 

 
C Each passive-diffusion sampler should be dedicated to a single monitoring well.  If a passive-

diffusion sampler is being re-used following a period of storage, the length of the rope and position 
of the reference knot above the mid-point of the passive-diffusion bag should be verified prior to 
placement in the monitoring well. 

 
V.  Equipment Cleaning 
 
All groundwater monitoring equipment should be cleaned prior to use in the first well and after each 
subsequent well using procedures presented in Appendix W to the FSP/QAPP. 
 
VI. Material Disposal 
 
Materials generated during groundwater sampling activities, including disposable equipment, will be 
placed in appropriate containers.  Containerized waste will be disposed of by GE consistent with its 
ongoing disposal practices. 
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Figure AA-1.  Passive-Diffusion Bag Sampler 
 

 
 



 
 

 
 

 
 

Attachment AA-1  
Passive-Diffusion Bag Sampling Record 
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Appendix BB 
 
Soil/Water Shake Test Procedures 
 
I. Introduction 
 
Soil samples are classified upon collection in the field based on a description of the soil characteristics and 
indications of contamination, such as the presence of non-aqueous phase liquid (NAPL) within a soil sample.  
The presence of minor quantities and/or different types of NAPL may not be visually evident on certain soil 
samples due to characteristics such as color, texture, and/or moisture content. In these situations, a soil/water 
shake test may be used to supplement other visual observations to possibly identify the presence of NAPL.  It 
should be noted that the goal of this testing is to simply identify the presence of NAPL, not to determine its 
characteristics.  For example, small quantities of dense non-aqueous phase liquid (DNAPL), which may separate 
from the soil and float on the water surface due to surface tension following performance of the soil/water shake 
test, should not be interpreted as light non-aqueous phase liquid (LNAPL).  Laboratory density testing or 
observation of a NAPL layer within a monitoring well is required to definitively determine whether separate 
phase LNAPL or DNAPL are present. 
 
II. Materials 
 
The following materials will be available, as required, during soil sampling in areas where the presence of 
NAPL is suspected: 
 

• Health and safety equipment (as required by the Site Health and Safety Plan); 
• Clear glass soil sample jars; 
• Potable or distilled water; and 
• Field notebook. 

 
III. Procedures  
 
The detailed procedures for conducting a soil/water shake test on a soil sample are outlined below: 
 

1. Half-fill a clean, clear glass jar with a representative portion of the soil sample.  Label the boring 
identification and depth interval on the jar.  If photoionization detector (PID) field screening is also 
being conducted, the samples utilized for PID screening may be utilized following headspace 
measurements with the PID. 

 
2. Place a sufficient quantity of water into the sample jar to submerge the soil sample.  Agitate the sample 

and set the jar on a stable surface and allow to settle.  Depending on the nature of the soil sample, the 
settling time may range from several minutes to several hours. 

 
3. Examine the saturated soil sample for evidence of NAPL or sheens on the water surface and within the 

settled soils. 
 

4. Record all observations in the field notebook.  Repeat the test if necessary. 
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Appendix CC 
 
Basement Sump Sediment/Water Sampling Procedures 
 
I. Introduction 
 
This Appendix specifies the procedures for collecting sediment and water grab samples from basement sumps 
for chemical analysis.  The wide variety of conditions existing at different sample locations requires that 
judgment be made regarding methodology and procedure for collection of representative samples.  Sediment 
samples may be collected utilizing one or more of the following pieces of equipment:  grab sampler (consisting 
of a wide-mouth container attached to a telescoping pole), hand-held dredge, peristaltic pump (equipped with 
silicone and Teflon® tubing), Lexan® tubing (with vacuum pump), hand bucket auger, or other appropriate 
device.  Water samples may be collected utilizing a surface water grab sampler or peristaltic pump.  The 
appropriate sampling method will be field determined at the time of sampling and will depend on the conditions 
encountered. 
 
II. Equipment and Materials 
 
The following materials will be available, as required, during sediment/water grab sampling: 
 

• Health and safety equipment (as required by the Site Health and Safety Plan); 
• Field notebook; 
• Appropriate sampling containers and forms; 
• Appropriate preservatives, as required; 
• Cooler with ice or “blue ice;” and 
• Appropriate sampling equipment. 

 
III. Sampling Procedures  
 
The typical procedure for assessing the integrity of a monitoring well is outlined below. 
 

1. Identify grab sample location in the field notebook.  Record the condition of the sump, including the 
presence and description of any standing water, drain lines connected to the sump, sump pump, etc. 

 
2. Photograph the basement sump and draw a sketch, including dimensions, in the field notebook. 

 
3. Don health and safety equipment (as required by the Health and Safety Plan). 

 
4. Clean the sampling equipment in accordance with the procedures in Appendix W of the FSP/QAPP. 

 
5. Collect sample with the appropriate field determined methodology. 

 
6. If standing water is present, collect a sample with the appropriate field determined technology. 

 
7. Transfer the sample(s) from the collection device to the appropriate sample container(s). 

 
8. Secure the sample jar cap(s) tightly. 
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9. Label all sample containers as appropriate, as discussed in Appendix L of the FAP/QAPP. 
 

10. Handle, pack, and ship the samples in accordance with the procedures in Appendix L of the FSP/QAPP. 
 
 
IV. Equipment Cleaning 
 
Equipment cleaning will occur at the beginning of each sampling event and between each sampling location, as 
described in Appendix W of the FSP/QAPP. 
 
V. Disposal Methods 
 
Rinse water, personal protective equipment, and other residuals generated during the equipment cleaning 
procedures will be placed in appropriate containers. 
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Appendix DD 
 
Manhole/Catch Basin/Pipeline Outfall Sediment/Water/NAPL Sampling Procedures 
 
 
I. Introduction 
 
This Appendix specifies the procedures for collecting sediment, water, and non-aqueous phase liquid (NAPL) 
samples from manholes, catch basins, and pipeline outfalls for chemical analysis.  The following procedures are 
to be utilized for remote sampling of manholes, catch basins, or similar pipeline features.  These features may be 
considered confined spaces and should not be physically entered without proper authorization. 
 
The wide variety of conditions that may exist at different sampling locations requires that judgment be made 
regarding methodology and procedure for collection of representative samples.  Sediment samples may be 
collected utilizing one or more of the following pieces of equipment: grab sampler (consisting of a wide-mouth 
container attached to a telescoping pole), hand-held dredge, Lexan® tubing (with vacuum pump), hand bucket 
auger, or other appropriate sampling device.  Water and NAPL samples may be collected utilizing a surface 
water grab sampler, bailer, submersible pump, or peristaltic pump.  The appropriate sampling method will be 
field determined at the time of sampling and will depend on the conditions encountered.   
 
II.   Equipment and Materials 
 
The following materials will be available, as required, during sediment/water/NAPL grab sampling: 
 

• Health and safety equipment (as required by the Site Health and Safety Plan [HASP]); 
• Field notebook; 
• Appropriate access equipment; 
• Appropriate sampling containers and forms; 
• Appropriate preservatives, as required; 
• Cooler with ice or “blue ice;” and 
• Appropriate sampling equipment. 

 
III. Procedures  
 

1. Identify grab sample location in the field notebook.  Record weather conditions (dry or wet period) in 
field notebook.  Record the condition of the manhole or catch basin, including the presence and 
description of any covers, standing water, flow observations, depth to water, depth to bottom (using 
probe), depth/orientation of drain lines, staining or sheen observations, and PID readings. 

 
2. Draw a sketch of the manhole or catch basin, including dimensions, in the field notebook. 

 
3. Utilize heath and safety equipment (as required by the HASP). 

 
4. Open manhole or catch basin.  If necessary, mark area with traffic cones and/or flagging tape. 

 
5. Clean the sampling equipment in accordance with the procedures in Appendix W of the Field Sampling 

Plan/Quality Assurance Project Plan (FSP/QAPP). 
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6. Collect sample with the appropriate field determined methodology.  The following are potential options 
for sample collection methods: 

 
- Sediment sample collection; 

o grab sampling with a wide-mouth container attached to a telescoping pole,  
o using a hand-held dredge,  
o pumping with vacuum pump and Lexan® tubing and,  
o using a hand bucket auger 

 
- Water and NAPL sample collection; 

o surface water grab sampling,  
o using a bailer,  
o pumping with a submersible pump and,  
o pumping with a peristaltic pump 

 
7. Transfer the sample(s) from the collection device to the appropriate sample container(s). 

 
8. Secure the sample jar cap(s) tightly. 

 
9. Label all sample containers as appropriate, as discussed in Appendix L of the FSP/QAPP. 

 
10. Close the manhole cover or catch basin grate and secure the area. 

 
11. Handle, pack, and ship the samples in accordance with the procedures in Appendix L of the FSP/QAPP. 

 
IV. Equipment Cleaning 
 
Equipment cleaning will occur at the beginning of each sampling event and between each sampling location, as 
described in Appendix W of the FSP/QAPP. 
 
V.  Disposal Methods 
 
Rinse water, personal protective equipment, and other residuals generated during the equipment cleaning 
procedures will be placed in appropriate containers. 
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Appendix EE 
 
Electromagnetic Survey Procedures 
 
I. Introduction 
 
The following methodologies will be utilized to perform electromagnetic surveys. 
 
II. Selection of Electromagnetic Survey Equipment 
 
The specific goal of the electromagnetic (EM) survey and the type of terrain over which it will be conducted 
should be considered prior to selection of the instrument to be utilized.  In certain situations, multiple types of 
apparatus may be necessary.  The following EM survey instruments or their equivalents may be utilized for a 
variety of situations: 
 
• Geonics EM-31 Terrain Conductivity Meter – This device contains transmitter and receiver coils in either 

end of a 13-foot-long boom.  The fixed inter-coil spacing allows the EM-31 to detect lateral variations in 
electrical conductivity while the instrument is carried along transects that are perpendicular to the centerline 
of the survey area.  During the performance of any supplemental EM-31 geophysical survey, two 
components will be recorded:  1) EM quadrature phase conductivity values that respond to metallic and non-
metallic sources of elevated conductivity; and 2) EM in-phase values that respond primarily to metallic 
objects.  The effective depth of exploration of the EM-31 is approximately 15 to 18 feet.  This multi-
component measurement feature allows the EM-31 to be used for a variety of applications, such as 
identifying conductive groundwater contaminant plumes or delineating buried metallic objects.  The 
instrument can be operated over rugged terrain or within brushy areas, but nearby cultural interferences such 
as fences, buildings, and power lines may impact the quality of the data. 

 
• Geonics EM-34 Terrain Conductivity Meter – Similar to the EM-31, the EM-34 records EM quadrature 

phase conductivity values that respond to metallic and non-metallic sources of elevated conductivity.  This 
device contains transmitter and receiver coils connected by cables that are supplied in 10-, 20-, or 40-meter 
lengths.  The variable inter-coil spacing allows the EM-34 to detect variations in electrical conductivity at 
greater depths (over 100 feet) than obtainable with the EM-31.   

 
• Geonics EM-61 Time Domain Metal Detector – This device contains vertically-aligned, one meter by one 

meter transmitter and receiver coils separated by 40 centimeters.  The transmitter generates a pulsed primary 
magnetic field in the earth, which induces eddy current in nearby metallic objects and a secondary magnetic 
field that is measured by the receiver coil.  The system can be trailer-mounted and pulled over the survey 
area, with readings collected approximately every 0.6 feet.  The instrument can also be carried utilizing a 
shoulder harness and set to record up to three readings per second.  The effective depth of exploration of the 
EM-61 is up to approximately 15 feet.  The EM-61 is particularly suited to identify buried metallic objects 
due to the ease of data collection and interpretation and its relative insensitivity to nearby cultural 
interferences such as fences, buildings, and power lines.  However, a generally flat and clear area is required 
to perform the survey. 
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III. Materials 
 
The following materials will be available, as required, during electromagnetic surveys: 
 

• Health and safety equipment (as required by the Site Health and Safety Plan); 
 

• Geonics EM-31 terrain conductivity meter, Geonics EM-34 terrain conductivity meter, Geonics EM-61 
time domain metal detector, or equivalent; 

 
• Omnidata Polycorder Datalogger, Juniper Systems Datalogger, or equivalent (optional with EM-31 or 

EM-34, required with EM-61); 
 

• Trimble AG-132 Global Positioning System (GPS), or equivalent (optional with EM-31, EM-34, and 
EM-61); 

 
• Measuring tapes (100- to 300-foot lengths, as needed); 

 
• Survey stakes, marking paint, traffic cones, or other visual marker aids; and 

 
• Appropriate forms/field notebook. 

 
IV. Procedures  
 

1. Identify the traverse location on the appropriate form or in the field notebook, along with other 
appropriate information. 

 
2. Don personal protective equipment (as required by the Health and Safety Plan). 

 
3. Establish a grid system by standard surveying techniques to document the location of each grid point or 

column.  The grid spacing should be sufficient to detail the site location, boundaries, and survey targets.  
Since target objects will be identified by an observed variation in ground conductivity, it is important to 
extend the survey grid into presumed “neutral areas”, if possible, in order to delineate the boundaries 
where such variations occur. 

 
4. Calibrate the EM instrument in accordance with the manufacture’s operating manual and record values in 

field book. Note any abnormalities in the calibration of the instrument in the field book. 
 

5. Utilizing the selected calibrated electromagnetic instrument, conduct the survey.  Operate the instrument 
in accordance with the manufacturer’s operating manual. 

 
6. Record all observations in the field notebook and/or electronic data logger.  In particular, note the location 

of any observed metallic surface debris, site features that would effect EM measurements (e.g., utilities), 
and changes in terrain conditions (e.g., proceeding from paved to unpaved areas) to aid in the 
interpretation of any apparent anomalies in the data. 

 
7. Review the raw data for any anomalous readings.  If such readings were recorded, examine the location 

for any apparent source of the data, such as metallic items on the ground surface, nearby fencing, or power 
lines.  If necessary, collect additional data in the vicinity of the anomaly at reduced grid spacing, or extend 
the survey area to assess anomalies that are located at or near the edge of the established survey grid. 
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8. Download the digital field data from the data logger to a computer using the appropriate software supplied 

by the manufacture. Data should be downloaded on a daily basis, if possible, and checked for errors and/or 
omissions. 

 
9. Upon completion of the electromagnetic survey, plot the data set utilizing appropriate contouring software 

(e.g., Golden Software, Inc. – Surfer, or equivalent). 
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Appendix FF 
 
Test Pit Excavation Procedures 
 
 
Test pits will be excavated using a decontaminated, rubber-tired backhoe. Test pits may be utilized to identify 
subsurface structures, to facilitate the collection of soil samples that cannot be collected by soil borings, and/or 
to characterize subsurface conditions for the design or implementation of response actions.  Personnel should 
stand upwind of the excavation area to the extent possible. Continuous air monitoring will be conducted as 
indicated in the Site Health and Safety Plan (HASP).  Excavation will be conducted at the selected locations that 
have been cleared for utilities until the target depth, groundwater, or bedrock is encountered, or to within the 
physical limits of the backhoe.  Test pit materials and samples will be visually observed and described with 
respect to depth and location.  Photographs of the excavation and of the removed soil will be taken and 
referenced by location and direction for future use.   In addition, results of soil head space screening will be 
recorded.  Field activities and observations will be logged in a bound field logbook or on a test pit log form, 
including a plan view of the test pit and cross-sections of the excavation walls, where appropriate.  Where 
necessary to characterize subsurface soil conditions, soil will be collected in one of two ways. If the excavation 
is less than 3 feet deep, the sample may be collected directly from the sidewall of the test pit with a 
decontaminated stainless steel shovel, scoop, or hand auger.  If the test pit is deeper than 3 feet, the soil sample 
will be collected from the backhoe bucket, either directly or with a decontaminated stainless steel scoop or 
trowel.  Samples should be homogenized, if appropriate.  Samples collected for VOC analysis will be collected 
following the procedures in Appendix A. 
 
Material removed from the test pit during excavation will generally be placed on polyethylene sheeting.   If such 
material has been previously characterized for chemical constituents in situ, its subsequent disposition (e.g., 
replacement in the test pit, consolidation at GE’s On-Plant Consolidation Areas, off-site disposal) will be based 
on the results of that sampling, in accordance with applicable requirements.  If the material has not previously 
been chemically characterized, it will be so characterized ex situ as necessary to determine appropriate 
disposition, and its disposition will be based on those characterization results, in accordance with applicable 
requirements.   
 
To facilitate surveying, the location of the pit will be marked with stakes after it has been backfilled.  Stakes 
should be placed at the ends of the test pit and at any significant bend or corner, as appropriate.  
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Appendix GG 
 
Monitoring Well Decommissioning Procedures 
 
I. Introduction 
 
This Standard Operating Procedure (SOP) describes the procedures for the decommissioning of groundwater 
monitoring wells. Monitoring wells may be decommissioned when it is found that they are no longer suitable for 
collection of groundwater data (i.e., groundwater quality or groundwater elevation) due to damaged and/or 
questionable construction, when they must be removed to avoid interference to/from other construction activities in 
the area, or when groundwater monitoring is no longer required at the location. Such wells will be permanently 
decommissioned in accordance with procedures described in Section 4.6 of the Massachusetts Department of 
Environmental Protection Standard References for Monitoring Wells.  The purpose for decommissioning monitoring 
wells no longer in use is to: 
 

• Eliminate physical hazards associated with an out-of-use monitoring well; 
• Conserve the yield and hydrostatic head of confining aquifers; 
• Prevent the intermingling of separate aquifers; and 
• Remove a potential conduit for the vertical migration of constituents in groundwater along the well casing. 

 
This SOP covers the decommissioning of single-cased overburden monitoring wells when a replacement well will 
not be installed within the same borehole.  Three potential decommissioning methods (i.e., plugging in place, casing 
removal, and overdrilling) are described below.  The well decommissioning procedures described below will be 
carefully adhered to and will be conducted under the supervision of an experienced geologist, engineer or other 
qualified individual.  If the overdrilling decommissioning method is utilized, drilling activities will be conducted by 
a registered Massachusetts well driller.  
 
Although these procedures are generally applicable for the decommissioning of double-cased monitoring wells or 
wells installed within bedrock, in most cases a decommissioning strategy should be developed on a well-by well 
basis. Additional information regarding potential methods to decommission these types of wells may be found in the 
Massachusetts Department of Environmental Protection Standard References for Monitoring Wells, or in ASTM 
D5299-92, Standard Guide for Decommissioning of Ground Water Wells, Vadose Zone Monitoring Devices, 
Boreholes, and Other Devices for Environmental Activities. 
 
II. Equipment and Materials 
 
The following materials, as required, shall be available during pre-decommissioning and decommissioning activities: 
 

• Site Health and Safety Plan (HASP); 
• Health and safety equipment, as required in the HASP (e.g., air monitoring equipment, personal protective 

equipment); 
• Information concerning the construction of the well to be decommissioned; 
• Appropriate field forms or field notebook; 
• Well keys; 
• Water level probe; 



 
 
 
 

 
 BLASLAND, BOUCK & LEE, INC.  
 e n g i n e e r s  &  s c i e n t i s t s  GG-2 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxGG.doc 

Monitoring Well Decommissioning Procedures 
Revision #: 02 

Date:  December 10, 2002 

• Cleaning materials (as required in Appendix W to the Field Sampling Plan/Quality Assurance Project Plan 
[FSP/QAPP]); 

• Drill rig with Massachusetts registered well driller and experienced personnel, if overdrilling method is 
utilized; 

• Containers for collecting spoils; and 
• Any necessary specialized well drilling/decommissioning equipment. 

 
III. Calculation/Verification of Volumes 
 
To assure that a well is properly plugged and that there has been no bridging of the plugging materials, verification 
calculations and measurements are required to determine whether the volume of material placed in the well/borehole 
equals or exceeds the volume of the void that is being filled.  Some useful formulas for calculating well and material 
volumes are provided below. 
 

• 7.481 gallons = 1 cubic foot 
• 202.0 gallons = 1 cubic yard 
• Volume of well/borehole (in gallons) = π TIMES well/borehole radius (in feet) squared TIMES length of 

well/borehole (in feet) TIMES 7.481 (gallons per cubic foot) 
 
IV. Monitoring Well Decommissioning Procedures – Plug-in-Place Method 
 
The plug-in-place method is applicable at locations where available information indicates that the annular space 
contains an adequate seal and vertical migration of constituents across a confining layer is not a concern in the well 
casing and screen interval, or if other considerations (e.g., double-cased well construction) preclude removal of the 
well casing.  The well screen is left in place and may be additionally perforated, along with the base of the well, to 
allow the grout seal to penetrate the surrounding filter pack.  The decommissioning process will consist of the 
following steps: 
 

Step 1 - Perform a search of available records concerning the well to be decommissioned.  The following 
activities should be performed to identify the location, construction, and condition of the well, and to 
determine the appropriate equipment to utilize based on the depth, diameter, and access to the 
monitoring well: 

 
• Review the existing monitoring well log to identify construction characteristics (e.g., total depth, 

casing diameter, initial borehole diameter, type of casing, type of material(s) used); 
• Locate the monitoring well in the field; 
• Identify if the decommissioning equipment can access the monitoring well and/or if special 

considerations (e.g., construction of an access road) are necessary to gain access;  
• Conduct total depth measurements and water level measurements;  
• Calculate volume of well that will need to be filled utilizing field measurements and formulas 

provided above; and 
• Record all observations and measurements. 

 
Step 2 - Remove the protective casing and well casing to a depth of approximately 3 to 4 feet below grade, if 

possible; 
 
Step 3 - Perforate the base of the well screen, utilizing a length of drilling rod or other equipment; 
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Step 4 - Prepare a neat cement grout (Note:  A neat cement grout is preferred for application through an in-
place well, whereas a bentonite/cement grout or bentonite pellets may also be considered at locations 
where the well casing is removed or the well is overdrilled.); 

 
Step 5 - Place the cement grout in the perforated well casing via tremie method (i.e., the grout will be pumped 

from the bottom of the well upward).  The grout will be added until the well is filled to above the top 
of the well casing remaining in place (i.e., typically approximately 3 to 4 feet below ground surface).  
Verify that amount of grout added equals or exceeds the calculated volume of the void to be filled. 

 
Step 6 - The grout will be allowed to set for a minimum of 24 hours and the remainder of the borehole will be 

filled with concrete and/or other surface finish materials (see Step 7 below); 
 
Step 7 - Where appropriate, a concrete surface finish will be installed by constructing an above grade concrete 

slab a minimum of 6 inches thick, with a diameter at least 2 feet greater than the diameter of the 
borehole.  If such a concrete surface finish is not compatible with the existing land use (e.g., roadway, 
parking lot, residential, etc.) the borehole shall be terminated with a minimum 1-foot thick concrete 
plug above the grout and the remaining portion of the borehole shall be filled flush with grade with 
material(s) compatible with the surrounding land surface (e.g., asphalt, gravel, topsoil, etc.). 

 
Step 8 - An Overburden Well Decommissioning Record will be completed and submitted to EPA and the 

Massachusetts Department of Environmental Protection (MDEP).  An example of this form is provided 
as Attachment GG-1. 

 
V. Monitoring Well Decommissioning Procedures – Casing Removal Method 
 
The casing removal method is applicable at shallow locations where vertical migration of constituents across a 
confining layer is not a concern and where the integrity of the borehole is reasonably expected to be maintained 
following removal of the well materials. The decommissioning process will consist of the following steps: 
 

Step 1 - Perform a search of available records concerning the well to be decommissioned.  The following 
activities should be performed to identify the location, construction, and condition of the well, and to 
determine the appropriate equipment to utilize based on the depth, diameter, and access to the 
monitoring well: 

 
• Review the existing monitoring well log to identify construction characteristics (e.g., total depth, 

casing diameter, initial borehole diameter, type of casing, type of material(s) used); 
• Locate the monitoring well in the field; 
• Identify if the decommissioning equipment can access the monitoring well and/or if special 

considerations (e.g., construction of an access road) are necessary to gain access;  
• Conduct total depth measurements and water level measurements;  
• Calculate volume of well that will need to be filled utilizing field measurements and formulas 

provided above; and 
• Record all observations and measurements. 

 
Step 2 - Remove the protective casing, if possible; 
 
Step 3 - Remove the well casing (riser and screen); 
Step 4 - Examine removed well casing to ensure that the entire section has been removed.  Also ensure that 
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borehole has not collapsed and that tremie pipe will be able to be inserted to the base of well depth.  
Well decommissioning should be completed by using the overdrilling method if the well casing is 
broken below grade and cannot be retrieved, or if the tremie pipe will not reach the base of the well. 

 
Step 5 - Prepare a neat cement grout, or a bentonite/cement grout that is compatible with the soil and 

groundwater conditions present at the monitoring well (Note:  A neat cement grout or a 
bentonite/cement grout is preferred for this application.  Bentonite pellets may also be considered if the 
entire well boring is overdrilled, similar to procedures used to abandon boreholes.); 

 
Step 6 - Place the cement grout in the borehole via tremie method (i.e., the grout will be pumped from the 

bottom of the borehole upward).  The grout will be added until the borehole is filled to approximately 
3 to 4 feet below ground surface. Verify that amount of grout added equals or exceeds the calculated 
volume of the void to be filled. 

 
Step 7 - The grout will be allowed to set for a minimum of 24 hours and the remainder of the borehole will be 

filled with concrete and/or other surface finish materials (see Step 8 below); 
 
Step 8 - Where appropriate, a concrete surface finish will be installed by constructing an above grade concrete 

slab a minimum of 6 inches thick, with a diameter at least 2 feet greater than the diameter of the 
borehole.  If such a concrete surface finish is not compatible with the existing land use (e.g., roadway, 
parking lot, residential, etc.) the borehole shall be terminated with a minimum 1-foot thick concrete 
plug above the grout and the remaining portion of the borehole shall be filled flush with grade with 
material(s) compatible with the surrounding land surface (e.g., asphalt, gravel, topsoil, etc.). 

 
Step 9 - An Overburden Well Decommissioning Record will be completed and submitted to EPA and MDEP.  

An example of this form is provided as Attachment GG-1. 
 
VI. Monitoring Well Decommissioning Procedures – Overdrilling Method 
 
The over-drilling method is the most conservative decommissioning procedure, and should be utilized at locations 
where a well has penetrated a confining layer and there is no evidence that the annular space around the well casing 
was adequately sealed, or if attempts to remove the well casing are unsuccessful. The decommissioning process will 
consist of the following steps: 
 

Step 1 - Perform a search of available records concerning the well to be decommissioned.  The following 
activities should be performed to identify the location, construction, and condition of the well, and to 
determine the appropriate equipment to utilize based on the depth, diameter, and access to the 
monitoring well: 

 
• Review the existing monitoring well log to identify construction characteristics (e.g., total depth, 

casing diameter, initial borehole diameter, type of casing, type of material(s) used); 
• Locate the monitoring well in the field; 
• Identify if a drill rig can access the monitoring well and/or if special considerations (e.g., 

construction of an access road) are necessary to gain access;  
• Conduct total depth measurements and water level measurements;  
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• Calculate volume of well/borehole that will need to be filled utilizing field measurements and 
formulas provided above; and 

• Record all observations and measurements. 
 

Step 2 - Remove the protective casing, if possible; 
 
Step 3 - If the protective casing has been removed, advance a hollow stem auger or other drill casing - with an 

outside diameter larger than the well diameter - over the well casing to the bottom of the original 
borehole; 

 
Step 4 - Prepare a neat cement grout, or a bentonite/cement grout that is compatible with the soil and 

groundwater conditions present at the monitoring well.  Alternatively, bentonite pellets may be used 
plug the borehole, similar to procedures used to abandon boreholes. 

 
Step 5 - Place the cement grout in the borehole via tremie method (i.e., the grout will be pumped from the 

bottom of the borehole upward) at the same time the hollow-stem augers or drill casing are removed 
from the borehole.  The grout will be added until the borehole is filled to approximately 3 to 4 feet 
below ground surface. Verify that amount of grout added equals or exceeds the calculated volume of 
the void to be filled.  If bentonite pellets are utilized, measure deposition depth with a weighted tape as 
the hollow-stem augers or drill casing are removed from the borehole to ensure that bridging does not 
occur.  At certain shallow well locations installed in competent formations, it may be possible to 
remove the hollow-stem augers or drill casing prior to installing the sealant.  If this is attempted, 
confirmatory measurements must be taken to verify that borehole integrity was maintained prior to 
plugging the hole. 

 
Step 6 - The grout will be allowed to set for a minimum of 24 hours and the remainder of the borehole will be 

filled with concrete and/or other surface finish materials (see Step 7 below); 
 
Step 7 - Where appropriate, a concrete surface seal will be installed by constructing an above grade concrete 

slab a minimum of 6 inches thick, with a diameter at least 2 feet greater than the diameter of the 
borehole.  If such a concrete surface seal is not compatible with the existing land use (e.g., roadway, 
parking lot, residential, etc.) the borehole shall be terminated with a minimum 1-foot thick concrete 
plug above the grout and the remaining portion of the borehole shall be filled flush with grade with 
material(s) compatible with the surrounding land surface (e.g., asphalt, gravel, topsoil, etc.). 

 
Step 8 - An Overburden Well Decommissioning Record will be completed and submitted to EPA and MDEP.  

An example of this form is provided as Attachment GG-1. 
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Appendix HH 
 
Determination of Total Organic Carbon (TOC) in Solid Samples  
 
 
I. Introduction 
 
This Appendix specifies the procedures for determining the Total Organic Carbon (TOC) content in soils and 
sediments.  The Lloyd Kahn Method (“Determination of Total Organic Carbon in Sediment,” Lloyd Kahn, 
USEPA Region II, Edison, NJ), as incorporated in a Standard Operating Procedure (SOP) approved by EPA in 
fall 2001, will be utilized.  A copy of that SOP is provided as Attachment HH-1. 
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STANDARD OPERATING PROCEDURE 
 
 
Author: John Nicpon                  Northeast Analytical, Inc. 
Reviewed by: William A. Kotas               Issuing section: Inorganics Department 

          NE177_01.SOP 
                                                            Date: 22-October-2001 
Approved by:                    Revision Number: 1 
         
         
 
 
 
 
1.0 TITLE 
 Standard operating procedure for the determination of Total Organic Carbon in solid samples according to The US-

EPA Lloyd Kahn Method Reference and Tekmar-Dohrmann application note TOC-011 with the triplicate analysis 
option. 

 
 
2.0 PURPOSE 
 The purpose of this SOP is to provide procedures for Particulate Organic Carbon (POC) and Total Organic Carbon 

(TOC). 
 
3.0 SCOPE 
 This method is applicable to waste water and ground water for POC,  and sediments and filters for TOC. 
 
 
4.0 COMMENTS 

 Organic carbon is converted to carbon dioxide (CO2) by catalytic combustion or wet chemical oxidation.  The CO2 
formed can be measured directly by an infrared detector.  The amount of CO2 is directly proportional to the 
concentration of carbonaceous material in the sample. 

 
 The fractions of total carbon (TC) are defined as: 
 1) inorganic carbon (IC)-the carbonate, bicarbonate, and dissolved CO2; 
 2) total organic carbon (TOC)-all carbon atoms covalently bonded in organic molecules; 
 3) dissolved organic carbon (DOC)-the fraction of TOC that passes through a 0.45-µm -pore-diameter filter, 

 4) particulate organic carbon (POC)-also referred to as non dissolved organic carbon, the fraction of TOC retained 
 by a 0.45-µm filter. 

 
 IC interference can be eliminated by acidifying samples to pH 2 or less to convert IC species to CO2.  Subsequently, 

purging the sample with a purified gas removes the CO2. 
 

Principle: Depending upon the configuration, TOC can be measured by ultra-violet promoted persulfate oxidation or 
high-temperature combustion, followed by infrared detection. 

 
1) TOC and POC in solid and sludge can be measured by utilizing the combustion-infrared method.  The sample is 

homogenized and treated with acid and then heated to remove IC.  The treated sample is placed into a heated 
reaction chamber packed with an oxidative catalyst such as cobalt oxide.  The organic carbon is oxidized to 
CO2 and H2O.  The sludge and sediment sampler combusts samples at 800oC in an oxygen atmosphere so that 
solids as well as liquids can be analyzed. 
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The sampler consists of a magnetically coupled boat inlet system which delivers the sample to the high 
temperature furnace.  Two ports are provided for sample introduction, a septum port for liquid injections, and a 
flip-top port for solid samples.  The CO2 from the oxidation of organic carbon is transported in the carrier-gas 
stream and is measured  by means of a nondispersive infrared analyzer (NDIR). 

 
 The detection limit for samples is dependent on the amount of sample analyzed. 

 
 Sampling and storage: The holding time for analyzing soil samples for TOC is 28 days from the date that the 

samples are collected.  Samples are to be stored at 4oC until the time of analysis. 
   
 The holding time for analyzing water samples for POC is 14 days from the date that the sample was collected.  

Collect samples in one liter containers with Polyseal caps.  Do not add any preservative to the bottles or samples.  

Samples are to be stored at 4oC until the time of analysis. 
 
5.0 SAFETY 

5.1 Safety glasses and disposable gloves must be worn when handling chemicals and samples. 
 

5.2 Personnel should familiarize themselves with the necessary safety precautions by reading MSDS 
information covering any chemicals used to perform SOP. 

 
6.0 REQUIREMENTS 

6.1 Method detection limit study. 
 

6.1.1 Seven MDLs samples (spike seven aliquots of the TOC standard into the boat module) The MDL should be 
determined annually at a spiked concentration of two to three times the estimated instrument detection limit. 

 
6.1.2 Analyze the seven replicate samples according to the procedures set forth in this document.  Calculate the 

MDL by multiplying the standard deviation of seven MDL measurements by 3.14.  For the MDL to be 
valid, it must be greater than  1/10 the amount spiked but not greater than the amount spiked. 

 
6.1.2 Knowledge on the operation and maintenance of the Dohrmann DC-80 series IR-I NDIR detector and 

sludge/sediment sampler modules. 
 
6.1.3 Trainees are required to read the Instrument manual and take notes on subject matter not covered in SOP.  

Information about maintenance and replacement on specific parts not covered in SOP should be recorded 
on the "Notes" page of the SOP for future reference. 

 
7.0 EQUIPMENT 

7.1 Equipment. 
 
7.1.1 Dohrmann IR-I NDIR detector module.  Located in the main laboratory. 
 
7.1.2 Dohrmann sludge/sediment sampler.  Dohrmann (p/n 832-222).  Located in the main laboratory. 
 
7.1.3 250 and 1000 µL Rainin autopipets.  Rainin (p/n EP-250  and EP-1000). 
 
7.1.4 250 and 1000 µL pipet tips.  Rainin (p/n RT-96 and RT-200). 
 
7.1.5 1-5 ml Finn digital pipette with pipet tips.  Baxter (p/n P5055-14).  
 
7.1.6 Quartz boats.  Dohrmann (p/n 899-624).  Located in the main laboratory. 
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7.1.7 Quartz wool.  Dohrmann (p/n 511-735).  Located in the main laboratory. 
 
7.1.8 GC oven.  Set at 75 oC. Located in the main laboratory. 
 
7.1.9 Propane tank with torch assembly.  Located in the main laboratory. 
 
7.1.10 Tweezers and steel spatula.  Located in the main laboratory. 
 
7.1.11 Analytical balance.  Located in the main laboratory. 
 
7.1.12 Centrifuge.  Located in the main laboratory. 
 
7.1.13 40 ml VOA vials.  Located in the bottle storage room. 
 
7.1.14 50, 100 and 250  µl syringe.  Located in the main laboratory. 
 
7.1.15 High purity oxygen tank with regulator.  Located in the main laboratory. 
 
7.1.16 Aluminum weighing boats.  Located in the main laboratory. 
 
7.1.17 Gray septum.  Dohrmann (p/n 517-807).  Located in the main laboratory. 
 
7.1.18 Pasteur Pipets.  Located in all laboratories. 
 
7.1.19 UV-Persulfate Reaction Module.  Located in the main laboratory. 
 
7.1.20 Blue injection septum.  Dohrmann (p/n 517-811).  Located in the main laboratory. 
 
7.1.21 Teflon sleeve reactor, taper joint.  Dohrmann (p/n 070-627).  Located in the main laboratory. 
 
7.1.22 Lamp, Ultra-violet.  Dohrmann (p/n 512-092).  Located in the main laboratory. 
 
7.1.23 Peristaltic pump tubing. 

a) PVC Black/Black (p/n 899-641). 
b) PVC Green/Green (p/n 899-645). 
c) Viton A Purple/Purple (p/n 899-651). 
 

7.1.24 High purity nitrogen tank with regulator.  Attach plastic tubing to the regulator.   Located in the main 
laboratory. 

 
7.1.25 20-mesh tin.  Dohrmann (p/n 511-876).  Located in the main laboratory and used for tin/copper scrubber. 
 
7.1.26 Copper.  Dohrmann (p/n 511-895).  Located in the main laboratory and used for tin/copper scrubber. 
 
7.1.27 Pyrex wool.  Dohrmann (p/n 511-895).  Located in the main laboratory and used for tin/copper scrubber. 
 
7.2 Reagents. 
 
7.2.1 Laboratory grade water.  Located in the cooler room. 
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7.2.2 ~2500 mg/L TOC stock standard.  Mallinkrodt (p/n 6704-1).  Dry potassium hydrogen phthalate crystals 
(primary standard grade) in 104 oC oven for 2 hours and weigh out approximately 2.65675 grams.  Record 
the weight in the Inorganic standard logbook and dissolve in approximately 400 ml of laboratory grade 
water, add 2 ml of phosphoric acid and bring to a final volume of 500 ml.  Calculate the exact concentration 
of the solution: 

 (weight of potassium hydrogen phthalate) X 941 = TOC stock standard {mg/L} 
 
7.2.3 TOCS and POC calibration standards: 
 Prepare 5  calibration standards of different concentrations ranging from ~120.7 - ~1207 mg/L.  Record the 

date and information related to the preparation of  the calibration standards in the Inorganic standard 
logbook. 

 
7.2.5 7.9N (1+1) nitric acid.  Dilute 50 ml of concentrated nitric acid to a final volume of 100 ml.  Located in the 

Inorganics laboratory. 
 
7.2.6 ICV/CCV: TOCS and POC 1000 mg/L TOC control.  Ricca  (p/n 1847-16).  Located in the Inorganics 

laboratory. 
 
7.2.7 ICV/CCV: TOC in water 10 mg/L TOC control.  Ricca  (p/n 1847-16).  Dilute 1000 mg/L ICV/CCV 

standard 100x.  Located in the Inorganics laboratory. 
 
7.2.8 Concentrated phosphoric acid (H3PO4).  J.T. Baker.  'Baker analyzed', (Baxter p/n 0260-01*BC).  Located 

in the Inorganics laboratory. 
 
7.3 Glassware and apparatus. 
 
7.3.1 10, 25, 50, 100 ml Class A volumetric flasks.  Located in the Inorganics laboratory. 
 
7.3.2 100 ml graduated cylinder.  Located in the Inorganics laboratory. 
 
7.3.3 Rinse bottle.  Filled with laboratory grade water.  Located in the Inorganics laboratory. 
 
7.3.4 TOC logbook.  Located next to TOC instrument. 
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8.0 PROCEDURE 

8.1 Operation and maintenance of the Dohrmann IR-I NDIR detector module. 
 
8.1.1 Refer to the instrument manual for specific instructions and part numbers for all components.   
 
8.1.2 To prepare the tin/copper scrubber, fit one end of the Pyrex scrubber tube with a cored gray septum.  Insert 

a tuft of Pyrex wool and then about 2 inches of tin in the other end.  Secure the tin with another tuft of Pyrex 
wool.  Then, fill the remaining half of the scrubber tube with an equal amount of copper.  Secure the copper 
with a third tuft of  Pyrex wool.  Insert a cored gray septum.  Inspect the tin/copper scrubber and change the 
contents of the tube when one-half of the tin is discolored. 

 
8.1.3 The detector must be on for several hours in order to achieve equilibrium.  It is recommended that the 

detector is turned on the day before the analysis is to be performed.  Power up the detector and the main 
unit. 

 
8.1.4 Verify that the printer has sufficient amount of paper before starting the analysis.   Reset the printer so that 

the number "1" will be printed for the first analysis performed for that day. 
 
8.1.5 Select  the "TOC" and the "DET" positions.  For the detector, select position "3" for high concentrations, 

"2" for medium concentrations, and "1" for low concentrations of TOC. 
 
8.1.6 The module will not light the green "ready" light if the baseline is above 0.05.  Adjust the "zero" control 

until the baseline is less than 0.02.  The "CALIB" light must be off during analysis. 
 

8.2 Operation and maintenance of the Dohrmann sludge/sediment sampler. 
 
8.2.1 Refer to the instrument manual for specific instructions and part numbers for all components. 
 
8.2.2 A portion of sample is weighed into a quartz boat where it is acidified and dried.  The boat is placed in the 

boat carriage of the sampler and it is moved into the combustion chamber.  Gas from the combustion tube 
flows into the flask to the right where it passes through acidified water. 
The gas travels to the flask to the left where excess water is removed before traveling to the detector 
module.  The gas passes through the tin and copper scrubber and into the detector. 

 
8.2.3 Before turning on the solid sampler, carefully examine individual components for sign of wear.  Adjust the 

flow of oxygen to 30 psi.  The level of acidified water in the right flask must be above the fritted sparging 
finger.  A vigorous flow of gas emitting from the sparging finger should be easily observed, if not, check the 
gas lines and connections for leaks.  The water collection flask should be emptied on a daily basis. 

 
8.2.4 Turn on the furnace unit.  When using the module for the first time or after a long period of inactivity, the 

furnace should be monitored with a voltmeter to verify that the temperature is at 800oC.  Place the black 
(ground) probe in the "com" port.  Place the red (positive) probe in the "monitor", set the voltmeter to 
"volts".  The voltage reading should read "0.80", if not, place the red probe in the "adj" port.  The voltage 
reading should read "0.80", if not, adjust the voltage by turning the set screw until the correct voltage is 
achieved. 

 
8.2.5 If the gray septum (p/n 517-807) at either end of the combustion tube have corroded and require 

replacement, the furnace must be turned off before replacing the septum. 
 
8.3 Calibration of Dohrmann sludge/sediment sampler and IR-I NDIR detector module. 
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8.3.1 Calibration standards are prepared as dilutions of the primary stock standard. All preparations are recorded 
in the standard preparation logbook. A new calibration curve must be generated if either the ICV or CCV 
(see 8.11 Quality Control) are unacceptable.  The calibration curve is based on 'µg of carbon' versus 'area'.  
The same volume of each pre-prepared calibration standard is are injected onto a quartz boat that is lined 
with quartz wool.  The calibration standards require duplicate injections. The relative percent difference of 
the absorbance should be less than 25% for the duplicate injections. 

 
8.3.2 A fresh tuft of quartz wool must be inserted into the boat before calibrating the instrument.  The boat is 

placed inside the sediment sampler module.  Hook the loop of the boat with the end of the magnetic boat 
carriage. 

 
8.3.3 Remove contaminates from the boat by placing it in the furnace until the baseline has started to decrease.  

Pull the boat out of the furnace. 
 
8.3.4 After the boat has cooled (approximately 30 seconds), place the boat underneath the injection port.  

Remove septum and inject calibration standard onto the boat. Replace septum. 
 
8.3.5 After the baseline has stabilized, place the boat in the furnace.  Press the "Start" button.  After the signal has 

started to decrease, pull the boat out of the furnace. 
 
8.3.6 Repeat 8.3.2-.6 for the remaining calibration standards. 
 
8.3.9 The calibration and continuing check blank consists of 50 ml of laboratory water and one ml of 1+1 nitric 

acid.  Inject 70 µl of the blank solution for the calibration and continuing check blanks. 
 

8.3.10 For TOC solids and POC, inject 70 µl of each calibration standard and the stock standard.  If the needle in 
the IR meter goes past ‘95’ or if the red error light has lit after injecting the stock standard, inject a smaller 
volume of the standard.  Every standard must be within the scale of the detector. 

 
8.3.11 Enter the injection number, standard label, date analyzed, injection volume, and the area printed by the 

printer in the TOC logbook.  See the Glossary for information about the correlation coefficient. 
 
8.4 Preparation of solid samples. 
 
8.4.1 Between 1.0 and 20 mg of material can placed in a boat depending on the percent of carbon in the sample.  

Solid samples are analyzed in duplicate. 
 
8.4.2 The concentration of the samples must be within the range of the calibration curve.  If the sample 

concentration of the sample is outside the range of the calibration curve, repeat the analysis of the sample. 
If the µg of carbon of the sample was too low, use more sample up to 20 mg.  If the sample concentration 
was too high, use less sample down to 1.0 mg. 

 
8.4.3 Place each boat in a numbered aluminum weigh boat. 
 
8.4.4 Homogenize soil and sediment samples by first decanting any standing water then emptying the contents of 

the sample jar onto a plastic weighing boat or other container. Remove an gross objects such as twigs, large 
pebbles, and foreign objects and mix the sample thoroughly. The sample should have a uniform consistency 
similar to sand, silt or topsoil. If the sample consists entirely of large rocks or other gross objects consult the 
Inorganics Supervisor or Laboratory Director for furthur homogenization procedures.  
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8.4.5 Place one boat on the analytical balance and tare the balance.  Transfer an aliquot of the sample to the boat 
and record the NEA #, weight and the boat number in the TOC logbook.  Place the boat in the numbered 
aluminum weigh boat. 

 
8.4.6 Perform 8.4.5 two more times for a triplicate analysis 
 
8.4.7 Add 2 to 3 drops of 1+1 nitric acid to each sample.  Turn off the GC oven.  Place the aluminum weigh boats 

in the GC oven.  Place a 60 ml beaker over each quartz boat.  Turn on the GC oven.  Remove samples when 
dried (minimum of 10 minutes). 

 
8.4.8 Place the boat in the raceway.  After the baseline has stabilized, place the boat in the furnace and press the 

‘Start’ button. 
 
8.4.9 Copy the TOC area from the printer into the TOC logbook. Calculate percent relative standard deviation of 

the area measurements. The percent relative standard deviation for the triplicate analysis should not exceed 
25%. If the % RSD exceeds 25% perform an additional determination.  Record all measurements in the 
TOC injection logbook 

 
8.4.10 After each sample analysis, scrape any remaining material from the boat and place the boat in the flame of 

the propane torch to remove any contaminates. 
 
8.4.11 Repeat 8.4.3-.9 for the remaining samples.  
 
8.5 Percent total solids determination 
 
8.5.1 Determine the percent total solids for each sample as described in NE090. 
 
8.6 The determination of Particulate organic carbon (POC) in water. 
 
8.6.1 The purpose of this procedure is to separate the non dissolved TC compounds from the dissolved TC 

compounds by centrifuging the water sample.  The IC fraction of the sample is removed by the addition of 
1+1 nitric acid to the particulate matter. 

 
8.6.2 Shake the sample bottle and measure a maximum of 80 ml aliquot of the sample with a graduated cylinder.  

Pour the sample into two labeled volatile (VOA) vials.  Verify that sample levels in each vial are equal to 
each other. 

 
8.6.3 Centrifuge the VOA vials at a setting of '7' for 5 minutes. 
 
8.6.4 Remove all of the water from each vial until approximately 10 ml remain in each vial. 
 
8.6.5 Transfer all the material (water and particulates) from the two vials to one vial. 
 
8.6.6 Centrifuge the vial with the water and particulates at a setting of '7' for 5 minutes. 
 
8.6.7 Remove all the water from the vial. Set the 1000 µl Rainin pipet to 650 µl and transfer the particulates to a 

quartz boat. 
Note: If all the material from the VOA vial will not fit inside the boat, transfer a portion of the  material 

from the vial to the boat and dry the boat and the material inside the GC oven.  Repeat  the process of 
transferring the sample from the vial to the boat and drying the material until all  the sample extract 
has been transferred to the boat. 
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8.6.8 Place the boat in the numbered aluminum weigh boat.  Record the NEA #, volume of sample centrifuged 
and the boat number into the TOC logbook. 

 
8.6.9 Add 2 to 3 drops of 1+1 nitric acid to each sample.  Turn off the GC oven.. Place the aluminum weigh boats 

in the GC oven.  Place a 60 ml beaker over each quartz boat.  Turn on the GC oven.  Remove samples when 
dried (minimum of 10 minutes). 

 
8.6.10 Follow the instructions in 8.3.6 for analyzing samples. 
 
8.6.11 The concentration of the samples must be within the range of the calibration curve.  If the sample 

concentration was too high, extract less than 80 ml of the sample. 
 
8.7 Sample calculations utilizing Lotus spreadsheets. 
 
8.7.1 After the instrument is calibrated, a Lotus spreadsheet is used to construct a calibration curve and the linear 

regression statistics. Generate a new spreadsheet each time the instrument is calibrated. 
 
8.7.2 Log into the network and access "Lotus 1-2-3".  Recall a previous spreadsheet, see the following table for 

an example of the directories and examples of files saved on November 11, 1996. 
 

Analyte (matrix) Lotus directory Example 
TOC (solids) S:\DATA\TOCS*.* S:\DATA\TOCS\1118.WK6 
TOC (water) S:\DATA\TOC*.* S:\DATA\TOC\1118.WK6 
POC (water) S:\DATA\POC*.* S:\DATA\POC\1118.WK6 

 
8.7.3 Enter the average area (subtract the average blank area) for the calibration standards in the box used for 

constructing the calibration curve.  Update the linear regression.  For the calibration curve, enter the date of 
analysis. 

 
8.7.4 The calibration curve standard concentrations are calculated from the TOC area measurements by the 

spreadsheet. The calculated calibration points are compared with the stated calibration standard 
concentrations. Except for the lowest calibration standard, the percent recoveries for the calibration 
standards must be between 90 and 110%. 

 
8.8 Quality control (see attachment B for corrective actions) 
 
8.8.1 A calibration blank is required for each day of analysis.  Check blanks are analyzed after every initial and 

continuing check standard.  The concentration of the blank must be less than the MDL for that method. 
 
8.8.2 Sample duplicate:  A duplicate analysis  is performed every 10 samples. 
 RPD = Abs. {(S1 - S2)/(S1 + S2)} X 200 
 
8.8.3 Independent and continuing calibration verification standard (ICV) and (CCV): A purchased TOC 

solution of known concentration is analyzed after each calibration curve is generated, after every 10 
samples and at the beginning and end of the analysis. 
The ICV/CCV is analyzed in replicate.   
% recovery  = (calculated value/certified value) x 100. 

 
8.8.4 For soil samples, if the sample analyses was off scale and the minimum sample weight of 1.0 mg was used, 

calculate the maximum concentration of TOC based on the µg of carbon of the highest calibration standard, 
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average sample weight, and the percent total solids.  Report the results as greater than the calculated 
maximum sample concentration , the detection limit and the standard deviation  

 
8.8.5 Laboratory fortified sample matrix.  Perform a spike on every 20th soil or water sample.  For water 

samples, spike 10 ml of the sample with an aliquot of the ICV/CCV standard and proceed as in 8.9.2-.4.  
For soil samples, weigh the sample and proceed as in 8.4.1-.10.  Place the sample and boat in the boat 
sampler and spike the sample through the injection port with the ICV/CCV standard.  The final 
concentration of the spiked sample must be within the calibration curve. 

 % recovery  = {(spike sample conc.) - (sample conc.)}/(spike added) X 100 
 
8.9 Entry of data into LIMs. 
  
8.9.1 After the calibration curve has been completed, give the LIMs manager a copy of the Lotus spreadsheet for 

the calibration curve with the area for blank and area for the lowest standard used in the calibration curve.  
 
8.9.2 Log into LIMS.  Click “Win Results” or “Results” from LIMS toolbar.  Select the appropriate samples by 

either typing in the sample ID’s or selecting  the Login Record File. 
 
8.9.3 Choose the result entry template “TOCSOL”, then click “OK”.  A result entry spreadsheet will then be 

created with the following columns:  TOCBLANK, TOCSLOPE, $TOCAREA, $TOCWTWG, 
$TOCFINL, %SOLIDS.  To find out what should go into these QC data columns, right click on the column 
heading in gray at the top of the spreadsheet. 

8.9.4 The data for samples should be entered into the columns as follows: 

$TOCBLANK = Calibration Blank Absorption 

$TOCSLOPE = Inverse Slope Absorption 

$TOCAREA = Area Counts for Sample 

$TOCWTWG = Sample weight in grams 

%SOLIDS = % Total Solids for Sample (Enter as a percentage, not a decimal) 

$TOCFINL = Final result for TOC in Solids (Fills in automatically) along with the Average and %RSD 

8.9.5    Once the field $TOCFINL has been filled in by the computer, right click on that field and select “detailed 
edit” from the pull down menu.  Confirm that the MDL and the date analyzed for the sample are correct.  
Proceed to the next sample. 

8.9.6    Once the data has been entered for all samples,  go the QC section of the spreadsheet.  If batching was 
performed correctly there should be some of these fields displayed in white.  Right click on the dark gray 
fields in that same row so that all appropriate QC tests have been added. 

  (For example, if the sample has a duplicate be sure all the raw data fields for the duplicate have been turned 
white.)  Enter in all appropriate QA/QC data. 
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9.0 REFERENCES 

9.1 "Determination of Total Organic carbon in sediment," Lloyd Kahn, U.S.E.P.A. Region II, Edison NJ. 
 
9.2 Application Note: TOC-011 "Analysis of sludges and solids for carbon," Tekmar-Dohrmann, Cincinnati, 

OH 10/95. 
 
9.3 NYSDOH ELAP manual item #271, 4/15/94. 
 
9.4 Standard Methods for the Examination of Water and Wastes, method #5310B, 17th edition. 1989. 
 
 

10 ATTACHMENTS 
10.1 Attachment A: Note pages for analyst. 

 
10.2 Attachment B: Quality assurance and corrective action for problems associated with sample preparation 

and analysis. 
 

10.3 Attachment C: Disposal of samples and waste.  
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ATTACHMENT A 
NOTES 
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ATTACHMENT A CONTINUED 
NOTES 
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ATTACHMENT B 
QUALITY ASSURANCE AND CORRECTIVE ACTIONS. 

 
Calibration curve: If the correlation coefficient is < 0.997 or if the recoveries for any of the calibration standards (which are established by applying 
the average absorbance measurements to the calibration curve) are not within 10% of the stated value (except for the lowest standard), repeat 
injections of the outlying standards until curve is within acceptance criteria.  
 
Independent calibration verification (ICV/QCS): Must be within 85 –115% of true value. If the Percent recovery is not within the 
limits specified, recalibrate the instrument and reanalyze all samples since the last compliant continuing calibration verification 
standard. 
 
Check standard (CCV/IPC): Use ICV solution as mentioned previously.   Must be within 85 –115% of true value. If the Percent 
recovery is not within the limits specified, recalibrate the instrument and reanalyze all samples since the last compliant continuing 
calibration verification standard. 
 
Preparation blank:  For TOC in water, prepare one blank consisting of laboratory grade water for each batch of samples sparged 
daily.  Prepare blank as described in 8.91-3.  If he average area of the  blank is greater than the half the value of the lowest standard 
used to construct the calibration curve, prepare a new blank solution.  
 
Check blank (CCB):  For TOC in water, see Preparation blank.  For TOC in solids, analyze 70 ul of laboratory grade water. 
Analyze the CCB solution after each ICV/CCV solution.  If the average area of the  blank is greater than the half the value of the 
lowest standard used to construct the calibration curve, determine the source of the problem, fix the problem and reanalyze all samples 
since the last compliant CCB. 
 
Standard Reference Material: Not applicable 
 
Laboratory control sample: Not applicable 
 
Sample duplicate:  Prepare and analyze one sample duplicate for every 10th sample.   For soil samples, refer to the latest control limit 
for duplicates. (The default limit is 25% RPD)  If the the results for the sample and duplicate are unacceptable, a case narrative 
explaining why the RPD for a sample and its duplicate was outside the control limits must be written and approved by the quality 
assurance officer. A copy of the case narrative must be sent with the report to the client. 
 
Triplicate Analysis: Each sample is analyzed in triplicate, if the percent Relative Standard Deviation exceeds 25%,  an  additional  
(Quadruplicate) analysis is performed . Results of all four analysis, the mean, and %RSD are reported to the client. 
 
Matrix spike: Prepare and analyze one matrix spike for every 20th sample. TOC: For soil samples, refer to the latest control limit for 
matrix spikes (default recovery limits are 60% to 140%). Spile with an aliquot of the ICV/CCV solution.  If the results for the matrix 
spike is unacceptable, prepare and analyze another matrix spike.   If the results for the matrix spike is still unacceptable, a case 
narrative explaining why the percent recovery for the matrix spike was outside the control limits must be written and approved by the 
quality assurance officer. A copy of the case narrative must be sent with the report to the client 
 
Serial dilution: Not applicable 
 
Analytical spike: Not applicable  
 
Method of standard additions: Not applicable 
 
Overrange samples: Dilute or redigest samples that are greater than the value of the highest standard used to prepare the calibration 
curve so that the results are within the calibration curve. 
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ATTACHMENT C: 
DISPOSAL OF SAMPLES AND WASTE 

 
1. Refer to SOP NE054 for procedures for disposing of laboratory waste. 
 
2. Acidified aqueous samples and extracts that do not contain metals or organic compounds above 0.050 mg/L, can 

be neutralized to a pH above 4.0 before disposal. 
 
3. All client sample containers  must be defaced with a permanent marker before disposal. 
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11 GLOSSARY 
11.1 Laboratory control.: A standard of known concentration that is independent of the standards used for 

quantifying samples. 
 

11.2 Continuing calibration standard (CCV): Used to assure calibration accuracy during each analysis run.  It 
must be run  at a frequency of 10% during the run.  It must also be analyzed at the beginning and the end of 
the run.  Its concentration must be at or near the mid-range level of the calibration curve. 

 
11.3 Correlation coefficient: The correlation coefficient for the calibration curve must be greater than or equal 

to 0.997 according to NYSDOH requirements. 
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Appendix II  
 
Vibracore Sediment Collection Procedures 
 
I. Scope and Application 
 
The general procedures to be utilized in obtaining Vibracore sediment samples from the river are outlined 
below.  Aluminum or Lexan® tubing will be the primary method used to collect sediment cores. 
 
Following collection, the sediment cores will be transferred to a processing area. 
 
II. Personnel Qualifications 
 
Not applicable. 
 
III. Equipment List 
 
The following equipment will be required for use during collection procedures: 
 

• personal protective equipment (PPE), as required by the Health and Safety Plan (HASP); 
• navigation and site maps; 
• boat equipped with 90HP outboard motor; 
• Vibracore device (Rossfelder P-3C or equivalent); 
• Lexan® and aluminum tubing with end caps; 
• calibrated rod for sediment depth measurement; 
• 6-foot (minimum) rule and survey rod; 
• duct tape; 
• camera; and 
• field notebook. 

 
The following equipment list contains materials that may be needed to process the cores following collection:   
 

• PPE, as required by the HASP; 
• brushes; 
• wash/rinse tubs; 
• low phosphate detergent; 
• decontamination equipment (e.g., brushes, wash/rinse tubs, detergents, and cleaning solvents), as 

required; 
• deionized water; 
• tap water; 
• core rack; 
• table for processing cores; 
• ruler or measuring tape; 
• hacksaw; 
• electric sheet metal shears or similar device; 
• sampling equipment (e.g., stainless steel utensils and bowls); 
• sample bottles for chemical analyses; 
• refrigerator (at 4oC); 
• camera; 
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• Unified Soil Classification System (USCS) charts; 
• photoionization detector (PID); and 
• field notebook. 

 
IV. Health and Safety Considerations 
 
Not applicable. 
 
V. Sampling Procedures 
 
1. Maneuver the sampling vessel to within 2 feet of the target sample location.  Secure the vessel in place 

using spuds, anchors, or tie lines. 
 
2. Use a calibrated steel rod to probe the sediment surface 3 to 5 feet away from the target location to 

determine the sediment thickness, type, and presence of debris or obstructions. 
 
3. Once the targeted area is deemed suitable for core collection, select an appropriate 3-inch (outside 

diameter) core tube type (Lexan® or aluminum) and length based on the probing information.  Use 
Lexan® tubing in soft sediments and aluminum tubing for coarse sediments.  Deeper sediments will be 
sampled with core tubes custom cut on the boat from 12-foot tube sections. 

 
4. Mount a clean coring tube into the Vibracore device. 
 
5. Lower the coring apparatus with the core tube attached vertically through the water column tube end first, 

until the river bottom is reached. 
 
6. Vibrate the core into the sediment to refusal.  Measure and record the depth of core tube penetration into 

the sediment in the field notebook. 
 
7. Pull the apparatus upward out of the river bottom (using a winch) and raise it to the surface while 

maintaining the core in a vertical position. 
 
8. Before the bottom of the tube breaks the water surface, place a cap over the bottom to prevent loss of 

material from the corer.  The cap will be placed on the core by reaching down into the water from the 
center of the sample vessel.  Secure the cap in place with duct tape when brought on board the vessel. 

 
9. Water overlying the core tube in the coring apparatus will be allowed to drain prior to removal of the core 

tube. 
 
10. Estimate the recovered length of the sediment core and note it in the field notebook. 
 

• The length of the cores recovered in the Lexan® tubing will be determined by visual observation and 
direct measurement. 

 
• The approximate length of the cores recovered in the aluminum tubing will be determined indirectly 

by tapping the core with a metal rod.  The spot where the pitch of the sound changes corresponds to 
the approximate top of the recovered core.  The distance between the top of the sediment in the core 
tube and the bottom of the coring tube corresponds to the estimated length of the recovered core. 
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11. Compare the measured length of the recovered core with the core penetration depth. 
 

• If the recovered length of the sediment core is more than 60% of the penetration depth, keep the core 
for analysis. 

 
• If an insufficient amount of material is recovered, set the core tube to the side and prepare to make an 

additional attempt.  
 

- An additional attempt will be made at a minimum distance of 2 feet from the previously attempted 
location. 

 
- A maximum of three attempts to collect a core will be made for a given location ID. 
 
- If all three attempts to collect a core are unsuccessful based on recovery alone (i.e., less than 60% 

recovery), retain the longest core for analysis and indicate that the targeted recovery was not 
achieved.  Discard the usable cores into a re-sealable 5-gallon pail for subsequent disposal. 

 
12. After core recovery, enter additional information into the field notes: 
 

• date; 
• time of recovery; 
• sample position; 
• water depth (feet); 
• core tube material (aluminum or Lexan®); 
• core penetration depth (inch); and 
• observation, including probing results. 

 
13. Remove the core tube from the Vibracore device and place a second cap on top of the core tube labeled 

with the site location ID and the word “top.”  Secure the cap in place with duct tape.  Rinse the outside of 
the core tube with a small amount of river water. 

 
14. Draw an arrow on the core tube with permanent marker to mark the top of the core.  Label the core with 

permanent marker indicating station ID, date, and time. 
 
15. Store the core vertically while on the vessel and transport it to the processing area. 
 
VI. Core Processing Procedures 
 
The general procedures to be utilized for the processing of Vibracore sediment cores and the extraction of 
samples for chemical analyses are outlined below.  Core processing includes observational and photographic 
logging of the cores and collection of samples from the cores for chemical analyses.   
 
Pre-Processing the Core Prior to Sample Extraction 
 
The following procedures will be followed to prepare the core for logging and sample extraction:   
 
1. Gather the necessary decontaminated sampling equipment and sample jars to collect sediment samples from 

the core. 
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2. Transfer the core to the processing area.  The core should be maintained in a vertical position and kept cold 
while in transit to the core processing area prior to processing.   

 
3. Upon delivery of the core to the processing area, transfer the field sampling information from the sampling 

personnel to the processing personnel.  If applicable, chain-of-custody forms will be signed by the sampling 
personnel and processing personnel.   

 
4. Maintain the core vertically in the core rack and dry the surface of the core tube with clean paper towels. 
 
5. While the core tube is vertical in the core rack, remove the top cap from the core and inspect the sediments 

within the core to determine if they are comprised of loose, watery sediments (that would slump if placed 
horizontally) or cohesive sediments.  Remove any loose sediment with a stainless steel utensil while 
maintaining the core tube in a vertical position. 

 
6. Place the core horizontally on the core processing table and cut the core tube open lengthwise.  Split the 

core in half.  If PID screening is being performed for selection of Appendix IX+3 samples, take a PID 
reading along the length of the opened core as soon as possible after opening. 

 
7. Mark the sample interval ranges on the outside of the core tube.   
 
8. Describe the core while the core is split open on the core processing table.  Record the description of the 

sediment type using the USCS in the field notebook.  The description should include such information as 
approximate grain size (silt, clay, fine, medium or coarse sand, or gravel), the presence of organic matter, or 
biota, odor, and color.  Record any unusual observations in the field notebook. Identify changes in the 
sediment (such as sediment type or grain size) within the core. 

 
9. Photograph the opened core.  In the photograph, include a ruler or measuring tape for scale and mark the top 

and bottom ends of the core.  Photograph any foreign objects or gaps.  Record the photograph number and a 
description of each photograph in the field notebook. 

 
Sample Extraction 
 
The procedures to collect sediment from the core for chemical analysis are presented below.  In addition, if 
samples are being collected for analysis of volatile organic compounds (VOCs) or volatile/extractable petroleum 
hydrocarbons (VPH/EPH), the collection of those samples should also incorporate the procedures presented in 
Appendices A and B for VOCs and VPH/EPH, respectively. 
 
1. Prior to collecting sediment for chemical analysis, remove the smear zone (i.e., the portion of the sediment 

core that comes into contact with the core tube) over the interval to be sampled, to the extent practical.  
 
2. For each sample interval, remove sediment from the open core tube using a decontaminated stainless steel 

utensil and place the sediment in a dedicated, decontaminated stainless steel bowl. 
 
3. Using a stainless steel utensil, thoroughly mix the sample in the center of the stainless steel bowl.  

Homogenize the sediment until the color and texture differences are no longer observable.  Samples 
collected for certain analyses (e.g., volatile organic analyses samples collected with Encore samplers) may 
be required to be collected prior to homogenization. 

 
4. Fill the appropriate, pre-labeled sample jars with the homogenized sediment for chemical analyses.   
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5. Handle, pack, and ship the samples using the chain-of-custody procedures in accordance with Appendix L. 
 
6. Cleaning of sampling equipment is to follow the procedures specified in Appendix W.  The sampling 

equipment is to be cleaned prior to the start of sampling activities, between samples, and following the 
completion of sampling activities. 

 
7. Rinse water, PPE, and other residuals generated during the equipment cleaning procedures will be placed in 

appropriate containers.  Containerized waste will be disposed of by GE consistent with its ongoing disposal 
practices. 

 
 



 
 

 
 

Appendix JJ 
 

Pore Water Sample Collection Procedures



Pore Water Sample Collection 
Revision #:  03 
June 15, 2004  

 

 
 BLASLAND, BOUCK & LEE, INC.  
6/15/04 engineers, scientists, economists JJ-1 
V:\GE_Pittsfield_General\Reports and Presentations\FSP-QAPP 2007\Vol II\164711324AppxJJ.doc  

Appendix JJ 
 
 
Pore Water Sample Collection Procedures 
 
I. Introduction 
 
Pore water samples will be collected from sediment cores to evaluate the concentration and/or partitioning of 
constituents within the sediment matrix.  The protocol presented in this Appendix describes the procedures to be 
used to collect pore water samples.   
 
II. Materials 
 
Specific to this activity, the following materials (or equivalent) shall be available: 
 

• Site Plan; 
• Lexan® tubing (typically 3-inch outside diameter) and end caps;   
• PVC core driver system; 
• camera; 
• Global Positioning System (GPS) equipment (if sampling locations not previously surveyed);  
• appropriate sample containers and forms;  
• centrifuge;  
• stainless steel pressure filtration apparatus; and 
• onsite processing laboratory. 

 
III. Sampling Procedures 
 
Locations will be recorded at the time of sampling by GPS if not previously surveyed.  A sediment-coring 
device made up of a 7.6 centimeter (cm) (3-inch outside diameter) Lexan® coring tube will be used with a PVC 
core driver system to collect sediments.  The corer will be driven a minimum of 24 inches into the sediment bed.  
The distance of core penetration will be recorded.  After driving the coring tube to the required depth, the core 
will be slowly extracted from the bottom of the water body, keeping the core perpendicular.  A rubber stopper or 
other similar device may be utilized to develop a slight vacuum with the corer to help maintain maximum core 
integrity.  A plastic end cap will be used to seal the bottom of the core tube to enclose the sediment as soon as 
possible after the core is extracted from the water.  A plastic cap will be used to seal the top of the core and will 
be labeled with the site location ID and the word “top.”  An observational description of each core will be 
logged and the core photographed.  Cores will be maintained vertically during all handling, transport, and 
storage steps to minimize disruption. 
 
A minimum of three sediment cores will be collected from each pore water sampling location using the methods 
described above to provide adequate pore water sample volume and material for additional tests that may be 
conducted (e.g., sequential batch tests).  Additional sediment cores may be required depending on the number of 
analyses to be performed.  It is estimated that two sediment cores (after removal of aliquots for bulk sediment 
analyses) will provide 235 to 470 milliliter (ml) of pore water when pore water constitutes 50% of the bulk 
sediment, and when 25 to 50% of the available pore water can be collected from the centrifugation and filtration 
processing (see filtration description below). 
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IV.  Sample Processing Procedures 
 
Prior to their processing, cores will be stored at the approximate temperature of the water body during core 
collection.  The actual storage temperature will be recorded.  Cores will be processed as soon as possible, but no 
later than one working day after sample collection. 
 
At the onsite sample processing area, the cores will be drained of overlying surface water though a hole 
drilled/cut in the core tube and extruded using a piston-driven core extruder.  After removal of the overlying 
water, each core will be measured from the top of the sediment surface to 0.5 cm (0.2 inches) and cut using a 
pre-cleaned hacksaw.  Due to concerns regarding mixing with the overlying water and other boundary 
conditions at the sediment/water interface, the top 5 cm of the sediment will be extruded and not used to 
determine pore water constituent concentrations.  This upper 5 cm can, however, be used to provide a 
corresponding measurement of surface layer constituent concentrations for a comparison to the underlying 
sediment that will be centrifuged.  The top 5 cm of sediment from each core will be extruded into a pre-cleaned 
stainless steel bowl, mixed using stainless steel utensils, placed in sample jars, and transferred to a laboratory 
(onsite or offsite) for analysis. 
 
The 5-cm to 30-cm sediment interval will next be extruded into a clean stainless steel mixing bowl and 
homogenized using stainless steel utensils (see Section 4.3 of EPA, 2001).  Assuming that sediments from two 
of the three 3-inch Lexan® tubes are used for sediment collection at each location, the 25-cm long segments 
used will have an approximate total volume of 2,250 ml.  Previous sampling of Silver Lake sediments, for 
example, indicated an average bulk density of 71 pounds per cubic foot and an average specific gravity of 2.4.  
Assuming no significant change in density as a result of compaction during sample collection and handling, the 
sample would contain approximately 600 grams of solids and 1,750 grams of water (although only half of this is 
expected to be available for extraction).  After homogenization, sample aliquots for analysis of sediment 
constituent concentrations will be prepared. 
 
The homogenized bulk sediment will be centrifuged in 285 ml stainless steel centrifuge bottles, four equal mass 
aliquots (approximately 250 grams each +/- 1 gram) will be placed into stainless steel centrifuge bottles.  An 
IEC Centra 8R centrifuge with a #216 swinging bucket rotor and 378S cups (or equivalent) shall be utilized for 
the centrifugation.  The sealed bottles will be placed in the centrifuge and centrifuged at 2,500 revolutions per 
minute (rpm) for 20 minutes at the temperature of the core when collected.  This speed is 90% of the maximum 
speed recommended by the manufacturer for the selected equipment. 
 
The resulting supernatant will be transferred from the centrifuge tubes using disposable pipettes or glass 
syringes into a 750 ml stainless steel pressure filtration apparatus.  The supernatant will then be pressure-filtered 
through a pre-cleaned steel 120 ml diameter, 0.7 micrometer glass-fiber filter (e.g., Whatman GF/F) using high-
purity nitrogen gas pressurized up to 15 pounds per square inch gauge (psig).  The glass-fiber filter will be pre-
cleaned by the laboratory by heating to a minimum of 450° Celsius for 1 hour in a PCB-free environment 
(supplied and stored in Petri dishes).  The laboratory will run at least one filter blank per batch of filters cleaned 
to confirm the lack of PCBs. 
 
The first 10 to 15 ml of filtrate passing through the filter will be discarded to allow the filter media to establish 
equilibrium with the sample.  The remaining pore water filtrate from each sample location will be collected into 
a single 500 ml glass sample bottle.  This sample bottle will be used to fill the analytical sample containers that 
will be submitted for analysis (no further filtration by the laboratory).  The temperature and approximate volume 
of sample collected will be recorded.  Samples will be stored at 4° Celsius until analysis.  Analysis will be 
conducted within 48 hours of extraction. 
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Poor centrifugal separation of samples with high levels of fine particles may require multiple filters.  Up to three 
filters may be used to complete the filtration of each pore water sample.  The use of nitrogen at a pressure of up 
to 15 psig in concert with the large diameter of the filters is expected to complete the filtration with one filter.  
The actual number of filters used for each sample will be recorded.  Decontamination of the filtration unit 
between the replacement of clogged filters for each sample will not be necessary as the constituents will have 
equilibrated with the surfaces of the housing.  Each filter will have the first 10 to 15 ml of filtrate discarded.   
 
The filtration unit will be decontaminated with an Alconox-water solution followed by a four-step rinsing 
procedure of acetone, hexane, acetone, and deionized water between each sample location.  Between each 
sample, the centrifuge bottles will be emptied of the compacted sediments; brush-cleaned with an Alconox-
water solution; and then rinsed in sequence with tap water, hexane, isopropyl alcohol, and deionized water. 
 
V. Reference 
 
EPA, 2001.  Methods for Collection, Storage, and Manipulation of Sediments for Chemical and Toxicological 

Analyses:  Technical Manual.   EPA-823-B-01-002, 208p. 
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Appendix KK 
 
 
Sequential Batch Leach Test Procedures 
 
I. Introduction 
 
The sequential batch leach test is performed on residual sediments remaining in centrifuge tubes after 
centrifugation during pore water analysis procedures.  Pore water sample collection procedures are described in 
Appendix JJ.  The protocol presented in this Appendix describes the procedures to be used to conduct sequential 
batch leach tests. 
 
II. Materials 
 
Specific to this activity, the following materials (or equivalent) shall be available: 
 

• distilled/deionized (DDI) water; 
• appropriate sample containers and forms;  
• centrifuge; and 
• stainless steel pressure filtration apparatus. 

 
III. Procedures 
 
1. Collect pore water samples from sediment cores as described in Appendix JJ. 
 
2. After the supernatant has been removed from the centrifuge for further processing in the pore water analysis, 

DDI water will be added to each of the centrifuge tubes to bring the final water-to-solids ratio to 
approximately 4:1 (by mass).  Depending on the mass and bulk density of sediment initially placed in each 
tube, the extraction of material, re-mixing, and re-addition of the sediments into the centrifuge may be 
required.  Assuming that centrifugation results in a 50% solids content, the addition of 100 grams of the 
sediment mixture with an additional 150 milliliters (ml) of DDI water would achieve the desired 4:1 ratio in 
each centrifuge tube. 

 
3. After addition of the DDI water, the centrifuge tubes should be weighted to ensure that opposing pairs of 

tubes in the centrifuge are within a few grams.  The centrifuge tubes are then capped, sealed, and placed in a 
tumbler or similar device to provide for thorough agitation.  After 24 hours of tumbling, the centrifuge tubes 
are removed and placed in the centrifuge at 2,500 revolutions per minute (rpm) for 20 minutes. 

 
4. Filtration procedures are similar to those used for pore water analysis.  As with the pore water samples, the 

resulting supernatant will be transferred from the centrifuge tubes using disposable pipettes or glass syringes 
into a 750 ml stainless steel pressure filtration apparatus.  The supernatant will then be pressure-filtered 
through a pre-cleaned stainless steel 120 ml diameter, 0.7 micrometer glass-fiber filter using high-purity 
nitrogen gas pressurized up to 15 pounds per square inch gauge (psig). 

 
5. The first 10 to 15 ml of filtrate passing through each new filter will be discarded to allow the filter media to 

establish equilibrium with the sample.  If poor centrifugal separation of samples with high levels of fine 
particles requires multiple filters, decontamination of the filtration unit between the replacement of clogged 
filters for each sample will not be necessary as the constituents will have equilibrated with the surfaces of 
the housing.   
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6. The remaining pore water filtrate from each sample location will be collected into a single 500 ml glass 
sample bottle.  This sample bottle will be used to fill the analytical sample containers that will be submitted 
for analysis (no further filtration by the laboratory).  The temperature and approximate volume of sample 
collected will be recorded.  Samples will be stored at 4° Celsius until analysis. 

 
The procedure, starting with Step 2 (addition of DDI water to produce a 4:1 water to solids ratio), is then 
repeated three more times. 
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Appendix LL 
 
 
Seepage Meter Usage Procedures 
 
I. Introduction 
 
A seepage meter is used to collect groundwater that is flowing through the sediments and into a water body.  
The seepage meter is placed into the sediments for a known period of time; the volume of water collected in an 
expandable bag attached to the meter is proportional to the surface area covered by the meter and the 
groundwater discharge rate.  The times of instrument installation and sample collection are recorded, as is the 
volume of water collected in the expandable bag.  A volumetric flow rate can then be determined from these 
measurements.  A seepage velocity is determined based on the change in the volume of water collected in the 
bag over time and the cross-sectional area of the meter exposed to the sediment bed.   
 
II.  Materials 
 
The following materials will be available, as required, during seepage meter installation and water collection: 
 

• personal protective equipment (PPE), as required by the Health and Safety Plan (HASP); 
• boat and/or waders; 
• diving equipment, as necessary; 
• Buoy marker, rope, anchor (cinder block); 
• seepage meter, protective crate, elastic cord;  
• water collection bags (polyethylene); 
• flexible tubing and clamps; 
• measuring tape; 
• graduated cylinder; 
• funnel and tubing; 
• field notebook and camera; 
• waterproof watch; 
• waterproof marker; and 
• potable water. 

 
III. Seepage Meter Construction 
 
The most commonly used seepage meter is referred to as a Lee Meter.  The seepage meter, as designed by Lee 
(1977), consists of a cut 55-gallon drum with two fittings cut into the bottom of the drum.  The surface area of a 
55-gallon drum is approximately 405 square inches (2,600 square centimeters).  The size of the drum being 
checked and the area used in calculation of the seepage rate can be adjusted as required by site conditions.  Two 
small (0.5 to 1 inch) holes are cut into the drum bottom and leak-proof fittings affixed in these small holes.  On 
one hole, a pressure relief valve is installed.  On the other hole, a flared fitting and a valve are affixed so that 
flow through the fitting can be turned on and off, and an expandable bag can be attached to allow measurement 
of changes in water volume.  The accumulation bag will also be fitted with a valve, as well as a quick-release 
fitting to attach it to the flared fitting.  Several varieties of bags designed for medical applications are well-suited 
to this application and come with suitable fittings attached.  The partial drum/seepage meter is inverted and 
pushed into the bottom sediments and net change in water volume is monitored through time.  A typical Lee 
seepage meter design is shown on attached Figure LL-1.  
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IV. Field Procedures 
 
The following are the general steps for seepage meter installation (it should be noted that some of the specific 
procedures related to the coupling and uncoupling of the collection bag are subject to modification based on the 
fitting or clamps used in the final construction of the meter assembly): 
 
1. If a boat is needed, position it in the desired location.   
 
2. Lower the seepage meter into the water and invert the meter below the water to eliminate possible air 

entrapment.  In water greater than approximately 4 to 5 feet deep, a diver may be required.  Lower the meter 
to the bottom of the water body. 

 
3. Push the meter (with tubing and bag not attached) approximately 8 to 10 inches into undisturbed sediment.  

Tilt the seepage meter slightly so that the connection between the meter and collection bag will be higher 
than the rest of the seepage meter (this will minimize possible air bubbles which might dislodge the meter).  
Mark the seepage meter location with a labeled buoy anchored adjacent to the meter.  Record the depth of 
the water and the general nature of the sediments at the seepage meter location. 

 
4. Once the meter is in place for at least 48 hours (preferably 72 hours), allowing pore pressures to equalize 

and air to vent, the collection bag will be attached.  Above the surface, purge the water collection bag of all 
air and water.  Place a known volume of water (e.g., 200 milliliters [ml]) in the collection bag.  A funnel 
with tubing to fit the inlet valve can be used. Close the inlet valve to the bag.  Remove the funnel tubing 
from the valve and replace with tubing for connection to the meter. The tubing is clamped prior to 
attachment to the meter. Record the volume of water added.  Attach the collection bag to the fitting on the 
meter.  Unclamp the flexible tubing so that water from the seepage meter may enter the collection bag.  
Record the sampling initiation time. 

 
5. Attach the protective crate over the meter and bag assembly. 
 
6.  Return approximately one week later for collection.  The collection time may vary depending on collection 

bag size and seepage rate. 
 
For water collection, the steps are as follows: 
 
7.  If a boat is needed, position it in the desired location. Enter water and locate the meter. 
 
8. Observe the general area for notable conditions (e.g., turbidity, movement or tilting of the meter, 

groundwater leakage around the meter). 
 
9.  Remove protective crate. 
 
10. Check the water collection bag for obvious changes in water volume.  If the collection bag requires 

changing (e.g., if it is between 25 and 75% of its capacity), clamp the flexible tubing and remove the 
collection bag.  If several weeks of monitoring result in continued low groundwater flux rates (i.e., 
collection bag is less than 25% of its capacity), the monitoring need not be continued. 

 
11. If desired, install new collection bag following procedures given above and replace the protective crate. 
 
12. Return to the surface with collection bag. 
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13. Record the volume of water collected, as well as collection time.  If upon collection the collection bag is less 
than 25 or more the 75% of its capacity, then the measurement shall be repeated for a longer/shorter 
duration, or with a smaller/larger collection bag, as appropriate. 

 
14. Compute the volumetric flow rate from the change in the volume of water in the collection bag divided by 

the time of collection (see Section V below). 
 
V. Calculations 
 
To determine the specific discharge or apparent groundwater velocity (i.e., the rate of discharge of groundwater 
per unit area of a porous medium perpendicular to the direction of flow), divide the volumetric flow rate by the 
cross-sectional area: 
 
 Specific Discharge =  __V x __t 
           ________ 
                 A 
 
 Where ___V equals the measured change in volume of the water in the collection bag  
   (in cubic centimeters); 
 
 ___t equals the time since the collection bag was attached; and  
 
 A  equals the cross-sectional area (approximately 2,600 square centimeters 
  if a cut 55-gallon drum is utilized for construction of the seepage meter). 
 
VI. Reference 
 
Lee, D.R.  1977.  “A Device for Measuring Seepage Flux into Lakes and Estuaries.” Journal of Limnology and 

Oceanography. January 1977, pp 140-147. 
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